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SUMMARY
This thesis describes an attempt to place atomic absorption 
spectroscopy on an absolute basis. Both the theoretical and experimental 
aspects of the problem are considered.
The study is based upon the construction of a precision burner which 
provides a homogeneous working zone of definite size into which the atoms 
to be studied are introduced. Experimental results obtained by means of 
this burner are used as a guide in formulating a mathematical model of the 
absorption process.
It is suggested that a model based upon the Voigt equation will suffice 
to explain the qualitative and quantitative results from an atomic absorption 
experiment. The extent to which inorganic compounds are dissociated in a 
flame, the degree of pressure broadening of an absorption line and the 
characteristics of the emission line from the source constitute the major 
unknown factors in the application of the theory.
SYMBOLS
Avn +Avl  ------
a The "an parameter of the Voigt profile a = — ^ --- "V 3-n2
a^ The "a" parameter for the absorbance profile,
•a^  The "a" parameter for the source profile ,
A Absorbance log^ r. I0/l.
Einstein transition probability for spontaneous emission, 
a The atomic extinction coefficient/atom.cnr. 
c Velocity of light, cm/sec.
C Concentration of solution, unspecified units.
5 A variable distance from the point (v-v0).
Av^ Doppler half “breadth.
Av^ Collisional (Lorentz) half-breadth.
Av^ Natural half-breadth, 
e Charge of the electron, e.s.u. 
fiu Oscillator strength, absorption. 
fui Oscillator strength, emission.
f(v) A function of ?Ev" specifying the shape of the emission line profile, 
g Statistical weight, 2J-&-1. 
gq Statistical weight of the lower stats. 
gu Statistical weight of the upper state, 
h Planck's constant,
Iy Transmitted intensity at frequency "v", unspecified units.
I® Incident intensity at frequency ”vM, unspecified units.
Iq Incident intensity or the intensity at the centre of the line profile. 
Integrated incident intensity, unspecified units.
Integrated transmitted intensity., unspecified units „
AThe absorption coefficient at the centre of a Doppler profile, cm"';.
The absorption coefficient at frequency "v", cm“  ^«
Molecular extinction coefficient, unspecified units«
A parameter representing the degree of self-reversal in the source profile« 
Path length, cm«
Path length, unspecified units«
Wavelength at the centre of the spectral line, cm«
Mass of the electron, gnu 
Atomic weight«
Number of atoms in the excited state.
Concentration of ground-state atoms«
Frequency, cycles/seco
Frequency at the centre of the line profile, cycles/sec«
Universal gas constant, erg/degree/gm-mol.
Life-time of the upper state, sec«
Absolute temperature, degrees K.
A parameter of the V o i g z equation
AvD
\/"ln2»
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1CHAPTER 1
Introduction
1-1 Aim of the Thesis
This thesis investigates the absorption of light in its passage through 
an environment of atoms dispersed in the gas phase. In particular it relates 
to the interaction of resonance radiation with atoms dispersed in a flame at 
atmospheric pressure, the specific conditions that exist in the relatively new 
analytical technique of atomic absorption spectroscopy.
The thesis aims to establish a simple mathematical model that is capable 
of providing an adequate understanding of the qualitative and quantitative 
phenomena ooserved during an atomic absorption measurement. A further aim is 
to evaluate unknown parameters by comparing the results of theoretical and 
experimental investigations.
1 -2 Atomic Absorption Spectroscopy
The technique depends on the ability of gaseous atoms in the ground 
state to absorb light by a process which results in the promotion of an outer 
electron to a higher level. Only light of the resonance wavelength can be 
absorbed, i.e. the wavelength emitted when the excited electron returns to 
the ground state. If resonance radiation of a particular element is used, 
then absorption becomes specific, in principle, to that element only; this 
characteristic renders the technique substantially free of the inter-element 
or matrix interference effects common to many methods of analysis.
The resonance radiation is usually obtained from a hollow-cathode lamp in 
which the cathode is fabricated from the element of interest. Light from the
hollow-cathode lamp is passed through a flame into which the atoms have been 
introduced, and then into a monochromator which is used to isolate the 
resonance line for photoelectric measurement. An analysis is performed by 
adjusting the equipment for maximum response whilst spraying a blank solution, 
and then spraying the solution in which the element is dissolved, to obtain 
the absorption.
Quantitative chemical analysis is performed by comparison. The absorption 
of a solution is compared with that of a series of standard solutions contain­
ing the same element. The measurements made in this study differ from current 
practice in that they are based on the absolute rather than the relative 
number of atoms in the optic path. Absolute determinations are rarely 
attempted because the atomic concentration within the flame must be known and 
this is difficult to estimate. Any absorption measurements which are expressed 
in terms of the concentration of atoms in the flame, rather than the 
concentration of the solution sprayed into the flame, will be referred to as 
"absolute atomic absorption" measurements.
1-3 Historical
The principle of atomic absorption spectroscopy has been understood 
since the time of Fraunhofer but it has not been practiced extensively until 
the present decade. The current interest in the subject started with Walsh (43), 
and Alkemade and Milatz (2) in 1955* Walsh also postulated a mathematical 
model based on the absorption of an infinitely narrow emission line by atoms 
having an absorption line which had been broadened by the Doppler effect only. 
This model explained most of the qualitative phenomena associated with absorption 
measurements and was adequate, because of the comparative nature of the measure­
ments, for the subsequent development of the method. In view of the almost
3complete lack of information concerning the profile of the resonance lines in 
the ultraviolet, and of the very severe experimental difficulties connected with 
the measurement of such profiles, there has not been reason to modify his treat­
ment greatly.
Mitchell and Zemansky (25) provide an extensive survey of the work in atomic 
spectroscopy up to 1934. They report several important experiments concerning 
the absolute absorption of resonance radiation by atoms in the gas phase, but 
the investigations have been limited to such elements as mercury and sodium 
which have appreciable vapour pressures at low temperatures. Since that time 
other workers, such as King and Stockbarger (20), have constructed high 
temperature furnaces in order to extend the investigation to a larger number 
of elements. The results of these studies are particularly important in the 
field of stellar spectroscopy and this has biased the investigations towards 
studies at low pressures (approx. 10"3 Torr). These results are, unfortunately, 
often of limited value for systems in which the atoms are dispersed in a gas at 
atmospheric pressure. Theoretical studies have proceeded concurrently with 
the experimental studies. Many mathematical models have been developed to 
explain the experimental results and indeed it is the theoretical aspects of 
the earlier work that will be of most use in the present problem.
1 -4 Feasibility of Absolute Atomic Absorption Analysis
The absorption of light depends on the concentration of the absorber 
and the length of the light path through the absorbing medium, as expressed 
by the Beer-Lambert Law. To determine the concentration it is necessary to 
know the number of atoms dispersed in a known volume. In the furnace method 
(20, 26) an optical cell of known volume and path length is used. A small 
quantity of metal is placed in the cell and the cell is then evacuated.
4The cell is placed in a furnace and as the temperature is raised the 
increasing vapour pressure of the metal supplies the atoms necessary for 
the measurement. The accuracy of this method depends on a knowledge of the 
vapour pressure of the metal at various temperatures and this is often not 
known with sufficient accuracy. According to Wiese (44), the main source of 
error in the measurement of atomic transition probabilities (the parameter of 
interest in most furnace experiments) is caused by the uncertainty associated 
with the atomic concentration within the measuring cell.
In the case of experiments in which a solution containing the atoms is 
sprayed into the flame, the rate of addition of atoms can be measured with 
sufficient accuracy, but the volume which they occupy is difficult to determine. 
Rann and Hambly (33) have shown that the concentration of atoms varies 
considerably throughout the flame and that the flame does not have clearly 
defined boundaries, hence the concept of a volume into which atoms are 
dispersed has little physical meaning. Absolute absorption measurements will 
consequently be subject to considerable error and, in all probability, this 
error will be much greater than that encountered with the furnace methods.
As the greatest difficulty arises from the uncertain boundaries of the 
flame, it is this aspect that must receive the most attention if the flame is 
to be used for absolute absorption measurements. The ideal flame should 
provide a working zone with definite boundaries free of turbulence and 
homogeneous with respect to temperature, gas velocity and chemical composition. 
Such a flame could be constructed, in principle, by using a shielded flame 
similar to that described by James and Sugden (18). This type of flame can be 
considered as a furnace whose walls consist of another flame having the same 
temperature and composition. Atoms introduced into the inner flame are
5confined, to a region bounded by the shield flame.
Preliminary experiments with a shielded flame indicated that most of the 
desired characteristics could be realised. In particular, in the lower regions 
of the flame the atoms appeared to be confined to a definite region.
Measurement of the gas velocity in this region enabled an "equivalent volume" 
to be calculated (the equivalent volume is the volume swept out by the rising 
gas in unit time, i.e. the cross-sectional area multiplied by the gas velocity. 
As the cross-section and the gas velocity vary with height in the flame it is 
necessary to specify the height to which the equivalent volume applies). If 
the equivalent volume of the working zone is known and the number of atoms 
introduced into the flame per unit time has been obtained by calibration of 
the spray, it is then possible, in principle, to calculate the total 
concentration of atoms (free and combined) in the working zone.
It thus appeared possible to measure absolute absorption in a flame. 
However, the results could be subject to serious error unless the burner 
were carefully designed and calibrated. The construction of the burner and 
the calibration of the flame are a most important part of the experimental
work described in this thesis.
6CHAPTER 2 
Experimental
2-1 Design and Construction of the Burner
2-1-1 Construction of the burner
The burner consistea of a rectangular flame surrounded by a guard flame. 
The guard flame protected the working zone from the entrainment of secondary 
air, and provided a homogeneous working zone of constant temperature by 
eliminating atoms from the low temperature region that exists at the edge of 
a normal flame.
The burner was constructed of stainless steel. The top of the burner 
consisted of a plate 5*0 x 2.5 x 0.3 cms into which a rectangular array of 
holes was drilled. Each hole consisted of a 1 mm diameter orifice which had 
been widened at the top by counter boring with a 1 .5 mm diameter drill. The 
dimensions and shape of the burner are shown in Fig. 2-1 . The working zone 
had an area of 1.0 x 2.75 cms and the whole flame (i.e. working zone surrounded 
by guard flame) was 3*5 x 2.0 cms in area. The top and sides of the burner 
were water-cooled to prevent overheating and flash-back.
The burner was attached to an "EEL" (Evans Electroselenium) spray chamber 
wnich had been modified by the removal of the baffle plates and gauze, and 
the insertion of an extra gas inlet at the end opposite the spray. This 
inlet was used for acetylene, whilst air was supplied via the normal acetylene 
and spray inlets. This alteration allowed some air to by-pass the spray and 
thus the spray rate could be altered without changing the total flow of air 
to the burner.
All gas flows to the burner were monitored for pressure and rate of flow.
The flow gauge for the air supply was calibrated by downward displacement
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of water9 and the gauge fcr the acetylene supply was calibrated by the soap 
bubble method (9)« The burner and spray chamber were fixed to an optical 
rail by means of a special mount. This mount had vertical and horizontal 
screw traverses which enabled any part of* the flame to be positioned on the 
optic axis.
2-1-2 Characteristics of the flame
Acetylene and air were supplied to the burner at a standard rate for 
all experiments. The standard flow of 18.2 cc of acetylene and 170 cc of air 
per second resulted in a "medium” flame, free of incandescent carbon, with a 
blue reaction zone approximately 2 mm above the burner top. This mixture had 
an air/acetylene ratio of 9»3b and was representative of the type of flame 
used in most analytical applications of atomic absorption spectroscopy.
The temperature in the flame was measured by the reversal of the sodium 
line (9,AO). The image of a tungsten lamp (filament 1 x 1  mm) was focused 
into the middle of the flame. This image and the centre of the flame were 
then focused onto the entrance slit of the monochromator. A mechanical chopper 
was also required because an a.c. amplifier was used to record the signal from 
the photomultipliero When a concentrated, solution of sodium chloride was 
sprayed into the flame, and the monochromator was scanned across the sodium 
doublet at 5090/3896 1, the sodium line appeared either in. emission or 
absorption. The current in the tungsten lamp was varied until no sodium;, .die 
was apparent on the output recorder during a scan. At this setting the 
emission and absorption lines were balanced and it was assumed that the lamp 
filament was at the same temperature as that part of the flame being examined. 
The temperature cf the lamp filament was estimated using an optical pyrometer 
(Leeds and Northrup) and a 2.0 neutral density filter. The true temperature
9»ms then calculated from the apparent temperature given by the filtere No 
corrections were made for light lost in the first lens, or for the red 
comparison field in the optical pyrometer, because these errors tend to 
cancel each other.
This method is subject to error if the aperture of acceptance at the 
monochromator slit is not identical for the light from the flame and that 
from the lamp. As the tungsten lamp was focused in the centre of the flame, 
it would therefore have a smaller aperture of acceptance than light coming 
from the end of the flame nearest to the monochromator slit. This source 
of error was reduced by rotating the burner so that the light traversed the 
width of the flame, thus reducing the path length from 2.75 cm to 1.0 cm.
The results from temperature measurements at different heights in the 
flame are shown in Fig. 2-2. The working zone is situated at a height of 
1.5 ems, which can he seen from Fig. 2-2 (page 7) to be very close to the 
region of the maximum temperature. The working zone is estimated to have a 
temperature of 2273 (i 20) °K, and is not subject to any significant change 
in temperature from the bottom to the top of the zone.
The turbulence of the gas within the flame was examined by means of the 
Schlieren optical system shown in Fig. 2-3® The use of a bright light source, 
such as a Xenon lamp, enabled photographs to he taken at a shutter speed of 
I/25O th sec.5 a speed sufficiently fast to record the "instantaneous* 
turbulence of the flame. The reduction in turbulence obtained by the use of 
a guard flame is demonstrated in Fig. 2-4. Figure 2-4A shows the turbulence 
when only the inner flame was used, and Fig. 2-4B shows the improvement
10
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Flg* 2 3 Schlieren Optical System.
Fig. 2-4 Schlieren Photographs of the Flame.
T 7 ^ t r / l a m e  °n ly‘ B* Inner flame plus guard flame
( hotographs taken at a shutter speed of 1/250 th sec).
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obtained from the guard flame. Further measurements with a cine-camera 
showed that the secondary air which entered the guard flame was not entrained 
continuously but entered as turbulent bursts, low in the flame, at a rate of 
approximately 25 bursts per sec., and ascended in the form of a turbulent 
region of lower temperature.
Further evidence of the size and stability of the working zone was obtained 
by supplying a very rich mixture to the inner burner. Unaer, these conditions 
an incandescent column of carbon was formed between the holes on the burner 
top* These columns, which are shown in Fig. 2-5, were completely free of 
turbulence and remained as discrete regions to a height of 10 cms in the flame, 
When a sodium solution was sprayed into this flame it was observed that the 
sodium atoms diffused horizontally, thus spreading outside the area defined 
by the incandescent carbon columns. Calculations, based on the flame velocity 
measurements described in section 2-1-3, indicated a horizontal diffusion 
velocity of 90 cms/sec. This velocity could be the diffusion velocity of 
sodium atoms in the flame gases, which according to Fristrom and Westenberg (8), 
can be surprisingly high, or it could be due to the small aerosol droplets 
"exploding" as they pass through the reaction zone of the flame.
2-1-3 Measurement of flame velocity
The velocity of the ascending gases was measured by a technique similar 
to that used by da Andrade (1 ) in 1912, in which small particles of 
incandescent carbon were photographed with a streak camera. The method was 
modified (Rann, (32)) by dispensing with the camera and measuring the transit 
time of a particle between two slits 1 cm apart. Photomultipliers located 
behind the slits recorded the passage of the particle and presented the result 
on a double beam oscilloscope where the transit time was estimated by comparison
Fig. 2-5 Incandescent Carbon Columns.
Photograph of the side of the flame showing the guard flame (o) 
surrounding the inner working zone (i). A rich mixture supplied 
to the inner flame has resulted in the formation of incandescent 
carbon columns which serve to demonstrate the lack of turbulence 
in the working zone.
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with timing pulses from a precision oscillator.
The values for velocity given by this technique are subject to two 
qualifications. Firstly, only the vertical component of the velocity is 
measured. In this case the flams gases have negligible horizontal component, 
hence the limitation is of no practical consequence. Secondly, the velocity 
is an average velocity. Reference to Fig. 2-6 shows that the particle is 
accelerating and that the velocity changes approximately 2% over a distance 
of 1 cm. The measured velocity will be close to the velocity existing at a 
point midway between the slits, hence this point is used in specifying the 
height.
The basic arrangement of the apparatus is shown in Fig. 2-7• Each 
photomultiplier was contained in a separate box which was completely light 
tight except for a collimating slit system (0.7 mm x 1 .0 cm slits, 1.5 cm apart), 
which faced the flame. The boxes were positioned vertically one above the 
other in such a manner that the two collimating systems were 1 cm apart (centre 
to centre). Light from the incandescent particle in the flame passed through 
the collimating system and onto a mirror which reflected it onto the photo­
cathode of the photomultiplier. Both photomultipliers were operated at a 
voltage of 850 V which was obtained from the one power supply, with suitable 
decoupling to avoid mutual interference. Outputs from the load resistors of 
the photomultipliers were passed to the Y^ and Y2 amplifiers of the double beam 
oscilloscope. The photomultiplier for the lower slit was required to provide 
a triggering pulse to stare the horizontal sweep of the oscilloscope.
Triggering from the photomultiplier output was not successful because of an 
interfering signal that originated from the trigger terminal of the oscilloscope. 
This signal, which appeared as interference on the lower Y trace, was eliminated
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:y triggering from the last dynode of the photomultiplier via a d.c. blocking 
capacitoro
A Tektronix type 541 oscilloscope (with a type C.A. plug-in unit to allow 
double beam operation), was used to display the signals. The oscilloscope 
screen was photographed with a Shackman 35 mm Oscilloscope Camera (type AC 
2/25) which was operated with the shutter continuously open and the film 
moving past at a speed of V'/sec. The timing modulation was provided by a 
Muirhead Decade Oscillator (type D-890-A) operating at 40 KC/sec. This 
oscillator had facilities for checking the frequency against an internal crystal 
standard.
Sharp pulses were desirable to record the passage of the particles past 
the slit. Initially the output pulses from the photomultiplier were sharpened 
by differentiation but pulse amplitude was lost and this method was eventually 
discarded. Two slits in the form of a collimator improved the sharpness of the 
pulses and a further improvement was obtained by pushing the slits as close to 
the flame as possible. A yellow filter, positioned between the collimating 
slits, was used to eliminate the flame emission in the blue and ultraviolet. 
Compressed air was supplied (between the collimating slits) to cool the filter 
and face plate, and also to prevent flame gases from entering the photo­
multiplier housing. The photograph of a typical oscilloscope trace is shown 
in fig. 2-8o The time taken for the incandescent particle to travel 1 cm is 
obtained by counting the number of modulation pulses between the peaks.
The accuracy of the method is dependent on the incandescent particle 
travelling at the same velocity as the rising gases in the flame. This 
problem will not be considered in detail here as the basic calculations, 
involving Stokes* Law, are, well covered in the literature, a good summary
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being provided by Fristrom and Westenburg (8). Calculations indicated that 
particles smaller than 30fi were required., if the "slippage” error were to be 
less than 1%.
Several types of particle, such as aluminium powder, aluminium oxide, 
magnesium oxide and jeweller's rouge (FepO^) were tried, but pulverized carbon 
was found to be the most satisfactory«, Carbon particles with a size range of 
3 to 10p were used for most of the experiments» These particles were prepared 
from pulverized charcoal which had been air-separated several times to achieve 
the desired uniformity and particle size. The other powders were rejected 
because of their short lifetime within the flame or their inferior emission«, 
Very finely divided carbon, such as lamp black, was unsatisfactory owing to 
the poor emission and the short lifetime of the very small particles.
Figure 2-9 (page 16) is a slow-scan oscilloscope trace showing the passage 
of several particles. This photograph shows that particles of high intensity 
move at the same velocity as particles of low intensity. If the assumption is 
made that the intensity of the particle is at least partly dependent on the 
particle size, then the above observation indicates that particles of different 
- ze had the same velocity, thus the particles were sufficiently small and 
slippage error was negligible»
A velocity of 372 (± 3) cm/sec was found for the working zone. The error 
is estimated to be less than. 1% of the true value. The 1 cm distance between 
the collimating systems was checked by a travelling microscope and was 1»000 cm 
with an error of less than ± Go2$<, The specified error of the time standard 
(i.e. the modulation pulses from the audio oscillator) was not greater than 
t 0.005% after calibration against the internal frequency standard. The time
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i n t e r v a l  between the  peaks on the  o s c i l lo s c o p e  t r a c e  (see  F ig .  2 -8 )  could  be 
measured to  one p u ls e  o f  m odu la tion , b u t  the e x a c t  peak p o s i t i o n  o f  the  p u ls e  
was u s u a l l y  d i f f i c u l t  to  de term ine  and t h i s  u n c e r t a i n t y  i s  c o n s id e re d  to  be 
the  f a c t o r  which l i m i t s  h ig h e r  p r e c i s i o n .  This sou rce  of e r r o r  has been 
reduced  by r e p e a t in g  th e  measurement many times ( i . e .  m easuring th e  v e l o c i t y  
of 20 to  30 d i f f e r e n t  p a r t i c l e s )  and averag ing  the  r e s u l t s .
2-1 -4  D i s t r i b u t i o n  of atoms in  the flame
The d i s t r i b u t i o n  of atoms in  the f lam e , i . e .  the  c o n c e n t r a t i o n  p r o f i l e ,  
was d e te rm in ed  by the  method of Rann and Hambly (33)» This method uses  atomic 
a b s o rp t io n  to  de te rm ine  the  atomic c o n c e n t r a t io n  of a very  sm all  p a r t  of the  
f lam e. C o ll im a ted  l i g h t  from the  source  was p assed  th ro u g h  the  flam e and then  
fo cu sed  onto th e  s l i t  o f  the  monochromator. A sm all  a p e r tu r e  (1 mm d ia m ete r)  
between the  flam e and the  fo c u s in g  le n s  l im i t e d  th e  a re a  of s tu d y ,  as shown in  
F ig .  2 -10 .  The l i g h t  p a s s in g  th rough  the  flame was n o t  co m p le te ly  p a r a l l e l  
due to  the  f i n i t e  w id th  o f  the  source  and a sm all  amount o f  flam e r e f r a c t i o n .
The flam e was scanned p a s t  the  a p e r tu re  by means o f  h o r i z o n t a l  and v e r t i c a l  
t r a v e r s i n g  screws a t t a c h e d  to  the  b u rn e r  s u p p o r t .  An a b s o rp t io n  measurement 
was ta k e n  a t  each 1 mm of t r a v e r s e .  At each p o in t  th e  1 00jj& s e t t i n g  was 
checked by sp ray in g  d i s t i l l e d  w a te r  b e fo re  the  absorbance o f  th e  t e s t  s o l u t i o n  
was m easured . The c o n c e n t r a t i o n  of the  t e s t  s o lu t i o n  had been p r e v io u s ly  
a d ju s te d  to  ensure  t h a t  th e  r e g io n  of h ig h e s t  atomic c o n c e n t r a t i o n  in  the  
flame would r e c o rd  an absorbance of ap p rox im ate ly  0 .8 0 .
S p e c i a l  p r e c a u t io n s  were ta k en  to  reduce the  e f f e c t s  o f  em iss ion  r a d i a t i o n  
by the  atoms i n  the  f lam e .  The u s u a l  method of e l im in a t in g  t h i s  e f f e c t  i s  to  
modulate th e  l i g h t  from the  source and use a wide band a . c .  a m p l i f i e r  ( 4 3 ) .
19
entrance
sl i t c o l l i m a t e d  b e a m
Fi x.  2 - 1 0 O p t i c a l  A r r a n g e m e n t i 'o r  t lit* M e a s u r e m e n t  o f  t h e  F la m e  P r o f i l e .
F i j r .  2 - 1 1  T h e  F la m e  P r o l ' i l e .
T h e  d i a g r a m  o f  t h e  d i s t r i b u t i o n  o f  c o p p e r  a t o m s  i n  t h e  F l a m e .  
( C o n t o u r  l i n e s  a r e  i n  i n t e r v a l s  o f  0 . 1 0  a b s o r b a n c e  u n i t ) .
T h e  p o s i t i o n  o f  t h e  w o r k i n g  z o n e  i s  shown a s  t h e  b r o k e n  c i r c l e .
20
However, some elements, ego sodium, emitted so strongly at the resonance 
wavelength that considerable error was introduced into the absorbance measure­
ment, even when the usual modulation method was used» The wide-band a«Co 
amplifier was replaced by a narrow-band amplifier tuned to the modulation 
frequency. As the light emitted by the flame is unmodulated (by the chopper 
disc) and the variations in the emission intensity have a flat frequency 
distribution (i0e* equal noise power per unit band-width), the emission light 
will have little effect on the output of the narrow-band amplifier.
The source light was modulated at 300 c/s by a chopping disc. A Hewlett 
Packard (model 302A) wave analyser was used as a narrow-band amplifier» This 
instrument had a band-width of i 3 c/s and facilities for locking the amplifier 
pass-band to the modulation frequency. Without this facility the desired signal 
would drift out of the narrow pass-band of the amplifier owing to changes :.n 
the rotational speed of the chopper disc. This matter is described in more 
detail in section 2-2-1.
The distribution of copper atoms, shown in Fig. 2-11 (page 19)> indicates 
that the atoms are not confined to the inner flame. This confirms the re - a it 
of the visual observations on a sodium flame described in section 2-1-2. At 
the height of 1.3 cms the horizontal migration of the atoms has seriously 
reduced the atomic concentration in the working zone. The same effect was 
noticed for the profiles of gold, silver and sodium. A correction factor ■;c 
Oo53 was applied to all atomic concentrations on the assumption that the same 
degree of migration occurred for all of the elements examined. The correction 
factor was obtained from the absorbance values across the flame at a height of 
1 „5 cms (i.e. the horizontal absorbance profile at a height of 1.5 cms). the
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correction factor was calculated from the ratio of the area under the curve 
that was in the optic path (under normal working conditions the optic path 
consisted of a 1/4'* diameter beam passing along the centre of the flame), to 
the total area under the curve (which was proportional to the total number of 
atoms introduced into the flame).
2-1 -“5 Calibration of the spray
The spray had an important influence on the final accuracy of the 
experimental measurements. In making measurements it was necessary to know 
the number of metal atoms that enter the flame over a period of one second. 
Approximately 3% of the atoms sprayed into the spray chamber were eventually 
carried into the flame, the remainder either drained from the spray chamber 
or were deposited, in the form of a salt, on the inside of the burner or the 
-spray chamber.
The efficiency of the spray will be defined as the ratio of the number of 
atoms (or weight of the element) entering the flame per second to the number 
cf atoms entering the spray chamber per second. The efficiency of a spray can 
be determined by measuring the volumes of the solutions sprayed into, and 
drained from, a spray chamber over a given period. This method is subject to 
errors caused by the evaporation of solution in the spray chamber, and the 
entrainment of solution and salt on the inside walls of the burner and spray 
chamber. Another method of estimation involves the replacement of the burner 
by an absorption column which retains any small droplets carried from the 
spray chamber. This method can be criticised on the grounds that the 
aerodynamic and thermal conditions differ from those present when a burner is 
used. Both of these methods were tried and rejected because they were not 
sufficiently accurate.
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The method finally adopted was based on the reflux spraying of a known 
volume of solution for a long period» The method is subject to drainage and 
washing errors, but when the spraying is continued for a long period these 
errors are proportionately reduced. The arrangement of the apparatus is shown 
in Fig. 2-12o The solution from the spray chamber drained into the beaker which 
supplied the spray, hence the only way atoms could escape from such a system 
was via the flame (atoms deposited on the walls of the apparatus were collected 
by washing at the end of the experiment).
A solution of known volume and concentration (eg. 100 cc of 100 ppm copper) 
was sprayed for a period of eight hours. During this period the water was lost 
at a greater rate than the metal atoms (presumably owing to evaporation in the 
spray chamber) so that it was necessary to make additions of water in order to 
keep the recirculating solution at a constant concentration. The concentration 
of the solution was continuously monitored by atomic absorption and the spray 
rate was checked at intervals throughout the experiment. At the end of the 
experiment the inside of the spray chamber and burner were washed carefully 
with small volumes of nitric acid and water. All washings were added to the 
trainings and the resulting solution was diluted to the original volume (in a 
standard flask) by the addition of distilled water.
The total loss of metal over the eight-hour period was calculated from the 
difference in concentration between the original and final solutions. The 
total volume of the solution sprayed during this period* (thus the total 
weight of metal entering the spray chamber) was calculated from the average 
spray rate recorded during the experiment. The weight of metal lost via the 
flame, to that entering the spray chamber* provided a measure of the efficiency
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of the sprayo
Several unexpected, sources of error were detected during the testing of 
this method» Precipitates slowly formed in the recirculating solution and 
eventually caused erratic operation of the spray. Copper and silver solutions 
formed insoluble acetylides by reaction with acetylene inside the spray 
chamber. Acidification of the solution prevented this, but corroded the 
metal spray unit. The metal of the spray unit apparently contained copper, 
because an anomalous increase of copper over an eight hour period was observed. 
This error was eliminated by fabricating a glass spray unit.
A further precipitate occurred when silver solutions were sprayed over 
long periods. This precipitate was silver chloride which resulted from the 
leaching of chloride ion from the walls of the plastic spray chamber. The 
inside walls of the spray chamber were coated with epoxy resin and the effect 
of the chloride leakage was considerably reduced. Cadmium was used for the 
final calibration because it did not form precipitates under the above 
conditions; however, all the precautions mentioned previously were still 
applied in order to be certain that precipitation was eliminated.
Two ether precautions were taken as the result of checks on the spray rate. 
The glass spray was subject to a slow change with use. This was caused by 
the deposition of very small quantities of oil on a critical surface inside 
the spray unit. The fault was overcome by incorporating further oil traps 
in the compressed air line, and by washing the spray unit in ethyl methyl 
ketone solution. A slow drift in the spray rate was noticed at the commence- 
ment of each experiment. This was considered to be due to acetylene 
dissolving in the solution and causing a change in the viscosity. All
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solutions were therefore saturated with acetylene prior to their use in an 
experimento
An analysis of the errors indicated that this method of calibration could 
achieve the accuracy desired (i.e. 1%) for the number of atoms entering the 
flame per second., however, in practice the accuracy is probably less owing to 
variations in the spray unit and gas flows. Instability of the spray system 
is considered to be the major cause of any variations that occur when the 
absorbance of a solution is checked several times over a long period. A 
monitoring system (consisting of the measurement of absorbance for a standard 
copper solution under standard conditions) checked the calibration and operation 
of the equipment over long periods. This check indicated that the spray system, 
at best, cculd repeat results to better than 1% over a period of several weeks, 
but at worst, it could cause changes of 20% in a period of a few days. Because 
of this uncertainty a system was adopted in which all important measurements 
were checked by the monitoring system before and after the main experiment.
If a change had occurred, the results were discarded. Such a system assumes 
that the spray had remained stable between the check measurements.
2“1“6 Summary of the properties of the working zone
The burner provides a non-turbulent and homogeneous working zone. The 
gas velocity, chemical composition and temperature are estimated to change 
less than 3% throughout the zone used for the absorbance measurements. The 
temperature of the zone was 2273 (± 20) °K, the gas velocity was 572 (± 5) 
cm/sec and the equivalent length of the flame was 2.75 cms.
In a typical experiment a solution of copper (100 ppm in water) was injected 
into the spray at the rate of 0.147 cm^/sec; of this 3»3% of the copper atoms
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eventually entered the flame. In one second 170 cm-'* of air, 18.2 cm 'of 
acetylene, 4.9 x 10“3 gm of water and 4.9 x 10"7 gm of copper entered the flame. 
After combustion 4.6 x 10^ atoms of copper were contained in a volume of 1.57 
litres, calculated as the equivalent volume at a height of 1.5 cms above the 
top of the burner; thus producing an average concentration of 2.9 x lO1  ^
copper atom/cm^. Horizontal migration lowered the concentration to 1.6 x 101  ^
atom/cm^ in the working zone. The concentration of gas molecules (mainly 
nitrogen molecules) is estimated to be approximately 3*3 x 10^® molecules/cm^; 
therefore each metal atom exists in an environment of approximately 2 x 1 0 °  
gas molecules.
2-2 Apparatus
2-2-1 Optical and electronic equipment
A diagram of the experimental arrangement is shown in Fig. 2-13* The 
diagram shows a flame and a hollow cathode source so arranged that either or 
both can be used in experiments. The flame used as a source will be referred 
to as the "source flame", and the other flame, into which the sample is sprayed 
(labelled sample flame), will be referred to as the "absorber flame". Identical 
spray chambers and burners are used for the flames.
Light from the source was modulated by a chopping disc and collimated by 
1/4" diameter aperture placed on either side of the sample flame. An "Ultrasil" 
silica lens focused the beam onto the slit of a Zeiss (type SPM.1.) monochrom­
ator. A low-noise EMI 6256S photomultiplier was operated at a voltage of 
1500 V which was supplied from a Isotopes Development Ltd. (type 532/D) 
stabilised power supply. A Hewlett Packard (type 302A) wave analyser was 
used as a narrow-band amplifier. This unit had a band width of t 3 c/s at
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the 3db points and contained an automatic frequency control circuit which 
enabled the pass-band of the amplifier to be locked to the frequency of the 
chopper disc which modulated the light source (see section 2-1-4). This 
facility was necessary because of the variation in the rotational speed of 
the chopper disc. As the chopper disc contained eight blades, a variation 
of a few cycles/sec in the rotational speed of the chopper motor was sufficient 
-to remove the modulation frequency from the pass-band of the narrow-band 
amplifier. The output of the amplifier was displayed on a meter or recorded 
by a Varian (type G-10) chart recorder.
The hollow cathode lamp was fed by a source of stabilised d.c. current.
All lamps used in the study were manufactured by Atomic Spectral Lamps Ltd., 
(Melbourne), except for some experiments involving sodium, in which an Osram 
sodium-vapour lamp was used.
2-2-2 Special apparatus employed with a flame source
Theoretical considerations (discussed in section 4) required the source 
burner to be operated with a very low concentration of atoms in the flame.
This resulted in an emission signal of low intensity which was subject to 
serious interference from noise generated in the measuring equipment and back­
ground emissions from both the source and absorber flames. Furthermore, the 
intensity of the desired emission was found to vary considerably, a difficulty 
commonly encountered in flame photometry.
The light from the source flame was modulated by the chopping disc but 
because of the noise originating from the electronics and the absorber flame, 
the automatic frequency control circuit could not be locked onto the signal.
The narrow-band amplifier did not have any facilities for synchronous detection
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hence it was necessary to supply a signal of the same frequency and phase as 
the desired signal onto .which the automatic frequency control circuit could 
lock. This signal., which will be referred to as the gating signal, was added 
to the desired signal at the input terminal of the amplifier. The output of 
the amplifier was a rectified d,c» signal, and as the amplitude of the gating 
signal was constant, the effect of this signal on the amplifier output could 
be removed by a d.c, offset voltage (in this case the shift control on the 
chart recorder).
The effect of the intensity fluctuation on the emission signal was reduced 
by using a large time constant in the output circuit of the amplifier. The 
effects of background emission from the source flame could not be eliminated 
by this method because it originated within the source. The only method of 
reducing the background emission consisted of increasing the resolution of the 
monochromatoro Reducing the slit-width in order to achieve greater resolution, 
reduced the intensity of the signal and a compromise was necessary to achieve 
the best signal-to-noise ratio.
The gating signal was obtained from a phototransistor and light source 
mounted near the circumference of the chopping disc (see Fig. 2-13). Phasing 
was adjusted by circumferential positioning of the unit about the axis of 
rotation of the chopper disc.
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CHAPTER 3
Discussion of the Theoretical, and Experimental Aspects of Absorption
3-1 Definition of the working parameters
The notation and relationships used in this section will be those, 
wherever possible., used by Mitchell and Zemansky (23). Small changes in 
notation are sometimes made to avoid confusion or to comply with currently 
accepted usage.
The absorption coefficient "ky" is defined by
Iv = 1° exp(-kvl) (1)
where Iv is the intensity of a parallel beam of radiation at frequency "v" 
which is incident on a homogeneous volume of atomic vapour of length "1" cm, 
and "ly' is the intensity of the beam after transmission through the vapour.
The absorption coefficient is frequency-dependent and is determined by the 
nature of the transition involved in the absorption and the environment of the 
atoms during the measurement. Classical dispersion theory predicts that the 
integral of the absorption coefficient over the wavelengths which constitute 
the absorption line is invariant, regardless of the processes involved in 
the formation of the absorption line. This is expressed by
np2J kvdv = —  o Nf (2)v me v '
where ,8e3! is the electronic charge, :"m" is the electronic mass, "c" the 
velocity of light, ,!N'’ the number of atoms capable of absorbing in the range 
y to y+dv, and "f" is the oscillator strength, the average number of electrons
per atom which can be excited by the incident radiation. The equation is 
not valid for strong absorption lines owing to changes in refractive index 
over the breadth of the line.
Because of the relatively low spectral resolution of the monochromator 
the intensities measured during an atomic absorption experiment are integrated 
intensities9 i.e. the sum of the individual intensities for the frequencies 
which constitute the emission line. The absorption is usually expressed as 
absorbance "A", because absorbance is proportional to the concentration of 
the element of interest. The relationship between absorbance and the integrated 
intensities is
*i
A = loSlOf^ (3)
where is the integrated intensity of the incident light and is the
integrated intensity of the transmitted light.
Equation (2) shows that the absorption of radiation is dependent on "fn, 
the oscillator strength. The symbol "f" shall apply to the absorption 
oscillator strength "fqu '*» the transition from the lower to the upper energy 
state. The oscillator strength is related to the Einstein transition 
probability "A^" for spontaneous emission by
me
8n2e2 Sl
w
and to the lifetime "t" in the excited state by
me
8n2e2 gl
(5)
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where g-, and gu are the statistical weights of the lower and upper energy 
states respectively and n\0n is the wavelength at the centre of the spectral
line o
The oscillator strength of a transition is difficult to measure experimentally 
and the values available from the literature, consequently, show great variation. 
Further confusion is caused by authors omitting to state whether they refer to 
the absorption or emission oscillator strength and by authors reporting the 
mgfn values as the oscillator strength. The absorption and emission oscillator 
strengths are related by
Slflu = «uful W
where wfiu" and ”fu^M are the absorption and emission oscillator strengths 
respectively. Confusion is avoided by using a "gf" value.
3-2 Method used to test the peak-absorbance hypothesis
The hypothesis to be tested is that of Walsh (4-3). This hypothesis 
concerns a model in which the emission line has a much smaller half-breadth 
than the absorption line which has a profile determined only by Doppler 
broadening. Absorbance calculations based on this model will yield the peak 
absorbance cf a Doppler profile. For convenience such calculations will be 
referred to as 1vpeak-absorbanceH estimates. This model can be recommended 
on the grounds of mathematical simplicity and that it predicts the linear 
relationship between absorbance and concentration which is often observed.
If the absorption coefficient in the centre of the Doppler profile is 
designated "k0", then by substituting "ko" for *’kv" in equation (1) and using 
the intensity ratio Iy/Iv of the intensities in the centre of the Doppler
profile in place of integrated intensities in equation (3)* the peak 
absorbance will be given by
33
A = log1Q exp(k0l) (7)
The emission and absorption profiles are shown in Fig. 3-1 (from 
Mavrodineanu and Boiteux (23)). The Doppler half-breadth "Avp" is given by
2V2Rln2 n
AvD = --- c--  ' V° V i  (8)
where "R" is the universal gas constant, % 0" is the frequency at the centre 
of the profile, "T" is the absolute temperature and "M" is the atomic weight.
The absorption coefficient nk0", which is the absorption coefficient used 
in the peak-absorbance calculations, is given by
(9)
Combining equations (8) and (9) and substituting "c/X0" for "v ", results in
(10)
If absolute absorbance measurements are made for an element of known 
oscillator strength, then equation (10) can be used to calculate values of 
"k0l" from the experimental values of "1", "T", "M", "X0" and "N". The 
commonly used absorbance/concentration curve can therefore be presented in 
the form of an absorbance/ "k0l" curve, which is a form more suitable for 
comparison with curves calculated from the proposed model. The experimental 
absorbance/ "k0l" curve of several metals were obtained by measuring the 
absolute absorbance over a suitable range of concentration. In these measure' 
ments the burner calibrations discussed in chapter 2 were used to calculate a 
value of "N" from the concentration of the solution used in the experiment.
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Ths group lB metals, copper, silver and gold, were chosen for study as the 
oscillator strengths were available, and in the case of silver and gold, the 
compounds of the metal were likely to be completely dissociated in the flame 
because of the low bond energies of compounds of these metals.
pThese metals have one outer "s" electron which produces a P energy level
for the first excited state. Two resonance lines are therefore available from
each metalo The absorption lines are caused by transitions from the ground 
2 2 2state S1//2 to the ^  and levels. The statistical weight (2J+1) of
the ground state ,'g1 " is 2 and those of the upper states "gu" are 2 and 4
respectively.
Table 3-1 (from Moise (27)) shows the wavelengths, spectral states and 
oscillator strengths for these elements. The table gives the best value of 
absorption oscillator strength "f-]_un from four separate methods of measurement, 
It will be seen that a very substantial disagreement exists.
Table 3-1
Table of absorption oscillator strengths
Element Wavelength Term values Method of measurement
X(A) hook atm«beam emission abs.
Copper 3297.59 42V 2 - 42p3 /2 0 .7 4 (2 9 ) 0 .4 1 (3 ) 0 .3 2 (5 ) 0 .3 2 2 (2 7 )
3273.96 * A/2 0 .3 8 0 .1 8 0.155 0 .153
Silver 3280.68 5 % / 2 - 5 2p3 /2 0 .507 0 .45 0 .27 0.459
3382.89
2
'  -5  PV 2 0.247 0.21
0 .12 0.196
Cold 29-27.95 62Sl /2 ~ 62p3 /2 . . . . . . . . . 0 .0 8 0 .1 8
2675.95 " A/2 0 .19 0.125 0 .06 0 .076
(rf).y jo (<t)i
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Any error in oscillator strength will cause a proportional error in the 
calculated "k.,.1" value., as shown in equation (10). In this investigation the 
oscillator strengths of Moise (27) have been used, i.e. the f (abs) values in 
Table 3-1 (it is assumed that the values quoted in this reference represent 
the absorption oscillator strength "fqu")•
3-3 Discussion of Experimental Results
Figure 3~2 shows the experimental results in the form of absorbance/"kQl" 
curves« The curve labelled "peak absorbance" is the curve resulting from the 
peak-absorbance calculations of equation (7)» In every case the experimental 
curves are considerably lower than the peak-absorbance curve; the measured 
absorbance is approximately 25% of the predicted absorbance.
If the experimental curves are to agree with the peak-absorbance curve then 
the value of "k0l" must be reduced» The only parameters of equation (10) 
which could be in serious error are the atomic concentration "N" and the 
oscillator strength "f". Either of these, or the product "Nf", would need to 
be reduced by approximately 75% for the theoretical and experimental curves 
to match»
An accuracy of 1% was aimed at in all of the calibration measurements» At 
worst, the error in the concentration of the total number of atoms (free and 
combined) in the working zone should never exceed 10% of the true value» The 
concentration of the total number of atoms will be designated as "Nv". This 
cannot be assumed to be the same as "N", which is the concentration of free 
atoms (see section 3-1)3 because of incomplete metallic compounds in the flame» 
In plotting the experimental curves of Fig. 3-2 complete dissociation has been 
assumed (i.e. N = N'); if this assumption were incorrect and "N" was only 25% 
of "N',%  then the experimental results would be in substantial agreement with
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the peak-absorbance curve. The dissociation of the compounds is therefore a 
most important factor in the experimental evaluation of this model.
The dissociation of the salt in the flame was checked by spraying different 
salts of the same metal. The metal concentration of each solution was the 
same (100 ppm) but the anions differed. It was reasoned that the difference 
in dissociation energy of the salts would cause differences in the absorbance 
unless each salt was completely dissociated. The results for silver and copper 
are shown in Table 3-2 and Table 3-3 respectively. The absorbance values shown 
in these tables are the average of three readings. The figure in the third 
place is subject to experimental error and therefore has been included in 
brackets.
Table 3-2
Absorbance values for 100 ppm silver solutions (3281 A )
Salt Absorbance
Silver nitrate 0.33(2)
Silver sulphate 0.33(0)
Silver acetate 0.33(2)
Silver fluoride 0.33(0)
Table 3-3
Absorbance values for 100 ppm copper solutions ro
Salt Absorbance
Copper nitrate 0.25(3)
Copper sulphate 0.25(3)
Copper chloride 0.25(3)
The resylts indicate that there is nc significant difference in the absorbance
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for the various anions of the same metal, therefore it is concluded that all 
of the salts are dissociated in the flame. It cannot be assumed (as others 
have) from this evidence, that there is a complete release of atoms, since 
the concentration of atoms could be controlled by a common equilibrium that 
does not depend on the original salt. In the case of copper for example, the 
dissociation of the oxide may restrict the availability of copper atoms by the 
equilibrium
CuO ^  Cu + 0
Such an equilibrium would be common to all of the test solutions, and could 
lead to a serious depletion of copper atoms in the working zone.
The concentration of the ground-state atoms could be further depleted by 
excitation and ionisation. As the flame is in thermal equilibrium a few milli­
meters above the reaction zone (9)5 the ratio of the excited to ground-state 
atoms can be calculated by the Boltzmann equation. Such calculations (23,43) 
indicate that the number of excited atoms is well below 1% of the number of 
ground-state atoms, except for those elements with a multiplet ground state 
which have levels close to the ground state. The ionisation can be calculated 
from the Saha equation. Calculations by Hoffman and Kohn (15 ,1 6) indicate 
that the loss of atoms (for these metals) is well below of the total number 
of atoms.
The above considerations suggest that (for copper, silver and gold), the 
most likely cause of error in "N" will be due to chemical combination of the 
metal atoms with the flame gases; (this error will also be referred to as a 
dissociation error). In the case of silver and gold, the chemical inertness 
and the absence of molecular bands (of metal compounds) in the flame spectrum 
(23), would suggest that substantially all of the metal atoms are uncombined,
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i.e. N = N'. (James and Sugden (18) have claimed that sodium is completely 
dissociated in a hydrogen/oxygen/nitrogen flame, but sodium was not considered 
to be a suitable metal for this comparison because of the self-reversal and 
self-absorption in the emission line from a sodium-vapour lamp).
The other parameter involved in the accuracy of the "kQl" value is the 
oscillator strength "f". The values of Moise (27) were used in the calculation. 
In the case of copper, Moise's value (f (abs) in Table 3-1) is the lowest value 
quoted; if it be in error, it is probably too low. If a higher value is used 
"k0l" becomes larger and thus moves in the wrong direction. It is most 
unlikely that the oscillator strength for the 3247 X copper line is 20$ of 
Moise's value, but it would need to be as low as this to obtain agreement with 
the peak-absorbance curve. The same type of reasoning can be applied to silver 
and gold. In the case of gold, Moise's value is much higher than that given 
by the emission method, but if the latter value is used, the "k 1" value still 
falls far short of the required value. It was concluded, therefore, that the 
possible errors in the oscillator strengths alone are not sufficient to explain 
the disagreement between the peak absorbance curve and the experimental curves.
The value of "kQl" is dependent on the square root of the temperature (see 
equation (10)). The error involved in the temperature measurement is unlikely 
to be greater than 100°K (in 2300°K), hence any error in the measurement of the 
flame temperature is not likely to be of consequence.
The above discussion suggests that a combination of errors in the parameters 
of equation (10) could lead to incorrect "k0l" values. If the accumulated 
error were very large it could cause the discrepancy observed between the 
experimental and calculated curves, but consideration of the magnitudes
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involved suggests that the discrepancy cannot be explained by errors in the 
parameters» It must be concluded, therefore, that the peak-absorbance model 
is inadequate. If the hypothesis is inadequate, the fault is probably related 
to the idealised line profiles that are postulated» The emission line from a 
hollow-cathode lamp should be similar to a Doppler broadened line, and the 
absorption line in a flame will be subject to a collisional broadening of 
similar magnitude to that of the Doppler broadening (14). The discussion in 
the following section will examine this aspect of the problem.
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CHAPTER 4
Formulation and Testing of a Model 
4-1 Formulation of a Suitable Model
A model is usually formulated to help in the investigation of a particular 
problem, thus the problem dictates the form and the extent of the final model» 
Models have been proposed for investigating such cases as the bending of 
analytical curves (35)5 the extent of the self-reversal in the spectral lamp 
(3b) and the effects of hyper-fine splitting in the spectral source (21), but 
in each case the model is too specialised for a general treatment of the subject« 
The model desired for this study must relate the emission and absorption 
components of the process in a manner that provides the maximum amount of 
information whilst using the minimum number of parameters. In formulating 
this model the broadening of the spectral lines, mentioned in section 3“3* was 
the most important aspect to be considered. The spectral line is subject to 
the following broadening processess:
(a) natural broadening due to the short lifetime of the excited state.
(b) Doppler broadening due to the motions of the atoms relative to the 
observer.
(c) Collisional (pressure or Lorentz) broadening due to collisions with 
atoms of the same kind or of a foreign gas.
(d) Stark-effect broadening due to collisions with electrons and ions.
If the profile resulting from the above processes be represented by seme
function of "v" denoted as f(v), then the intensity at a given frequency is 
given by
i v = f (y ) O h
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where "1°" is the intensity at the centre of the line, and "Iv" the intensity 
at frequency Mv".
The profile of the emission line can be modified by self-absorption and 
self-reversalo Self-absorption, which is the absorption of resonance radiation 
inside the hot region of the source, causes the source profile to widen and 
have a flat top. Self-reversal is caused by the absorption of resonance 
radiation in the cooler regions of the source and leads to a reversed profile, 
i.e. the centre frequencies have been attenuated more than the other frequencies. 
The incorporation of self-absorption and self-reversal into a model is 
undesirable because it involves the introduction of further unknown parameters 
and also adds considerable complications to the mathematical treatment. On the 
other hand these effects are of particular importance in the study of the 
experimental curves obtained with hollow-cathode lamps run at high currents.
As self-reversal is the more important effect of the two, the difficulty can 
be partly resolved by introducing a parameter "K^" to denote the degree of 
self-reversal. The emission-line profile can then be described by
Iv = 1° f(v) exp(-KL f(v) ) (12)
The use of f(v) for the absorption profile of the atoms inside a hollow 
cathode is an approximation because the self-reversal results from atoms in 
the cooler regions of the cathode. These atoms have a slightly sharper line- 
profile than the atoms emitting in the hotter regions, but the self-absorption 
effect tends to cancel &ny error caused by this assumption.
The integrated intensity for the incident light , as measured in an 
experiment, will be described by
J I°.f(v).exp(-KL f(v) ) dv (U)
This expression assumes that the spectral line is free of hyper-fine 
splittingo Most spectral lines have hyper-fine splitting (eg. the copper 
line has twelve components)» In some circumstances this may be of importance 
but previous studies (21) indicate that (for the elements discussed here) 
such a line may be treated as a single line* without introducing appreciable 
error»
The absorption profile of the atoms in the flame can be treated in a similar 
manner» The absorption coefficient !'ky" at a frequency "v" can be described by
kv = ko g(v) (lZf)
where is the maximum absorption coefficient for a purely Doppler broadened
line5 and g(v) is a similar function to f(v).
Equations (13) and (14) can be combined to give an expression for the 
transmitted light intensity by
S>t = J l£.f(v)»exp(-KLf(v) ) .exp(-kQg(v)l) dv H 0 )
where "1” is the path length through the flame»
The absorbance "A” can be obtained by combining equations (3)s 03) and 
(15) to give
J Icof(v)„exp(-KL f(v) ) dv
A ~ log, ,r~"7r~T~~T— ~7~ T r ” — ■— \— --“ ---/ T-,1 7 ~ ~ ~  (16)lOfi10j lgof(v)oexp(-KL f(v) ).exp(-k0g(v)l) dv
In order to evaluate equation (16) it is necessary to select suitable 
functions for the line profiles f(v) and g(v)» The Voigt distribution (23s 31 
42) was considered the most appropriate for this study» The Voigt equation* 
which combines the effects of Doppler and collision broadening* is given by
ko° n r sf£=£l „ dya2+(<o-y)" 07)
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where
oo = 2. yiri2 . (
Av]\j + A v l
"yj ln2 (a = a ’ of reference (25))a =
where "Av^", "Av^" and "Avj)'* are the natural, Lorentz (collisional) and Doppler 
half-breadths and " is a variable distance from the point (v-v0). The 
parameter ‘"a" is proportional to the ratio of collisional to Doppler broadening, 
as the natural half-breadth ”Av^" is relatively insignificant. The parameter 
"a” will be used to specify the Voigt distributions f(v) and g(v) throughout 
this study.
The Voigt distribution produces a symmetrical profile, whereas it is known 
that line profiles become asymmetric and are subject to a wavelength shift at 
high levels of atomic concentration (25,47)« The following discussion is 
therefore only valid for low concentrations, although no serious error is 
anticipated because of this restriction.
In the Voigt equation the unit of frequency has been replaced by ?'u)% a 
parameter that is dependent on the Doppler half-breadth "Av^". The Doppler 
half-breadth of a spectral line depends on the square root of the temperature, 
as shown in equation (8). In general the source and absorber will have 
different temperatures, hence different Doppler half-breadths, and the profiles 
will not have a common basis for comparison. The calculation of equation (16) 
will be simplified considerably if the source and absorber have the same value 
of "Av^" , thus for convenience it has been assumed that the source and absorber
are at the same temperature. This assumption can be justified, to a certain
46
extent, by the work of Yasuda (47) which estimates that the "spectral"' 
temperature inside a hollow cathode is similar to that found in a flame» As 
"Avp" is dependent on the square root of the temperature, small temperature 
differences between the source and absorber would not cause serious error in 
the calculation of absorbance»
Equation (l6) was evaluated by numerical integration with an electronic 
computer» The program used, together with a brief explanation of the method, 
is described in Appendix I. The program calculated the absorbance "A" for 
values of "k0l" up to 20» The Voigt profiles required for this calculation 
were obtained by numerical integration of equation (17) and the results were 
punched on data cards in a form suitable for the main computation» The 
mathematical transformations required for the evaluation of the Voigt equation, 
together with tables of the function, are supplied in Appendix II»
4“2 Experimental Evaluation of the Theoretical Treatment
The results of the calculations are shown in Figures 4-1, 4-2 and 4-3•
The plots agree with the results of other workers (35* 36, 45, 47) concerning 
the possibility of bending in the absorbance/concentration curve and also show 
that the source and absorber profiles have a major effect on the absorbance.
The effects of variations of the absorber profile are shown in Fig» 4~1»
This family of curves has been calculated for a pure Doppler source profile, 
i.e. a = 0, free of self-absorption, i.e» = 0» The curve of a very narrow 
source line and a pure Doppler absorption profile, i.e. the peak-absorbance 
curve, is also presented for comparison» Figure 4-1 can be used for a comparison 
with the experimental results shown in Fig. 3-2 (page 37)« The calculated 
curves of Fig» 4-1 show a substantially linear relationship which is in 
agreement with the experimental curves of Fig. 3-2. The one curve in Fig» 4-1
47
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that shows marked bending is that for a pure Doppler absorption profile, a 
condition unlikely to be found for the absorption profile in a flame» (Note: 
the bending is most marked when the source and absorber profiles have similar 
half^breadths). Figure 4-1 also predicts that the collision broadening of the 
absorber profile can cause the absorbance to decrease to the experimental values 
shown in Fig, $-2 . For example, the absorber profile with a = 1 .5 matches the 
experimental curve for gold shown in Fig, 3-2.
Figure 4-2 shows the effect of variations of the source profile. This 
family of curves has been calculated for an absorber profile of a = 1.0, a 
typical value for the absorption line in a flame (14). Source profiles 
originating from hollow-cathode lamps would be expected to have "a” values 
between 0,01 and 0 ,0 5» Figure 4-2 predicts that the variation of absorbance 
over this range will be much less than that found for the absorber profile 
variations in Fig, 4-1, but the variation is still significant.
Figure 4-3 shows the effects of self-reversal in the source profile. The 
curves are calculated for a source profile of a = 0.02 and an absorber profile 
with an na:* value of 1.0, Arbitrary values for self-reversal are introduced 
by increasing the parameter The curve shows that increasing self­
reversal does not affect the curve shape appreciably but it does change the 
absorbance considerably. The curve can be compared with the experimental
17results for silver shown in Fig, (page • This diagram shows the change
of absorbance on operating a silver hollow-cathode lamp at high currents. The 
extent of the absorbance and the shape of the curves in Fig. jjrSt are very 
similar to the curves in Fig, 4-3*
The foregoing comparisons, whilst not rigorous, indicate that this
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theoretical model can overcome many difficulties encountered by the peak- 
absorbance modelo In the next section the values calculated from this study 
will be compared to the experimental results in order to evaluate the unknown 
parameters which specify the line profiles and the self-reversal«
4-3 Application of the Theoretical Study to the Evaluation of the Unknown 
Parameters
In this section the na" value of the source will be referred to as "a^" 
and that of the absorber as <, It is reasonable to assume that the parameters 
and "K^" have low values> especially when the experimental results have 
been obtained by using a low current in the hollow-cathode lamp in order to 
reduce self“reversal« By confining the values of "a^" and ”K^" to a relatively 
limited range it was possible to estimate a probable value of "a^"« This was 
accomplished by comparing the calculated and experimental curves«
A large number of absorbance/"k0l" curves were calculated for the comparison. 
In matching these to the experimental curve it was necessary to allow for the 
experimental error which was inherent in the construction of the experimental 
curve« A match was considered satisfactory when the curves agreed to within 
two percent over the entire range of "k0l"« The curves were therefore matched 
for both shape and absorbance value«
This comparison indicated that could not be evaluated satisfactorily
(even with the limiting assumptions discussed above) because in each case too 
many calculated curves matched the experimental curve« If specific assumptions 
concerning the broadening and self“reversal of the source were used, it was 
then possible to obtain an estimate of the "a^" value for the absorption line5 
but the possible error of the final result (due to the uncertainty of the
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assumptions) was too great« For example, the silver line (3281 X) had an
of 1.6 when the source profile had values of a^ = 0.0 and = 0.0, but 
an equally satisfactory match could be obtained by using a^  -  1.0 (the value 
of Hinnov and Kohn (14)) if a^ = 0.02 and = 3*0.
Apart from the above difficulty there remains the basic uncertainty 
concerning the dissociation of the metalic compounds in the flame« The 
comparison was made on the assumption of complete dissociation, i«e« N = N ’, 
so that the values of ,8a^" obtained from the comparison would represent maximum 
values. Because of these uncertainties, no confidence could be placed on the 
parameters obtained from this comparison and a further means of investigating 
the problem was sought«
The use of a flame as the spectral source provided an alternative approach 
to the problem« In this method the emission light from atoms dispersed ir. the 
flame was used to replace the emission light from a hollow-cathode lamp. 
Kirchhoff 8s Law implies that the emission and absorption line profiles of an 
atom in a flame have the same shape. This allows the number of unknown 
parameters to be reduced because the same function can be used for the source 
and absorber profiles, i«e. f(v) = g(v). The advantages of this spectral 
source will be discussed in the next chapter.
CHAPTER 5 
The Flame Source
53
5-1 Properties of a Flame Source
The flame source consists of a flame into which is sprayed a solution 
containing the metal atoms. Owing to thermal excitation these atoms emit light 
at a resonance wavelength and thus enable the flame to replace the hollow- 
cathode source for atomic absorption measurements (2, 22, 38)*
The emission of light from a flame is a subject that has been studied 
extensively in connection with flame photometry; a summary of this subject 
is to be found elsewhere (12, 46). The main factors of importance in this 
study are the temperature, the self-absorption and the self-reversal. The 
temperature of the source controls the number of atoms in the excited state, 
as indicated by the Boltzmann equation, and thus affects the total light emitted 
from the flame. At high concentrations the intensity at the centre of the 
emission line is that of a black body at the temperature of the flame. The
intensity can never exceed this value so the line distributions become flat-
topped when the atomic concentration increases, any increase in intensity 
being due to radiation from the outer regions of the line profile. The wider, 
flat-topped profile thus obtained at high concentrations is due to self­
absorption. Self-reversal will occur if atoms are present in the outer cooler
regions of the flame (12). The atoms in the cooler regions emit little light
but absorb in the middle region of the emission profile. It is difficult to 
allow quantitatively for the effects of self-absorption and self-reversal in 
the emission profile. For the purposes of this study it is better to remove 
their effects by using a. low concentration of -atoms to reduce the self-absorption 
and a guard flame to eliminate the self-reversal.
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If the source and absorber flames are identical in temperature, composition 
and path length, they can be assumed to have similar line profiles on the basis 
of Kirchhoff's law. The experimental conditions, described in the section 5-3? 
were arranged to satisfy this requirement.
5-2 The Development of a Theoretical Model for the Flame Source
The theoretical model for the flame source can be obtained by modifying 
the treatment used in section 4-1 for the hollow-cathode source. The modificat­
ion consists of describing both the source and absorber profile by a Voigt 
function f(v) and eliminating the expression for the self-reversal. These 
alterations result in
S Iq f(v) dv
A = log10 J Ig f(v) exp(-k0f(v)l) dv
which is the equation that will be used for the study of the flame source.
As the source and absorber are flames of the same temperature, this equation 
is free of the potential inaccuracies (of equation (16)) caused by the different 
Doppler half-breadths of the source and absorber profiles.
A family of absorbance/nkolH curves was calculated from equation (18) for 
different Voigt profiles. A typical set of these curves is shown in Fig. 5-1 
for "a" values in the range of 0.0 to 2.0. The "a" value used to designate 
each curve refers to the Voigt profile of both the source and absorber in 
this case, i.e. a^ = a^. These and similar curves will be used in section 5-4 
for a comparison with experimental curves in order to evaluate the "a" value 
of the atoms in the flame.
5-3 Experimental Studies of the Flame Source
The arrangement of the experimental apparatus is shown in Fig. 5-2 and 
a detailed description of the particular experimental problems of the flame
55
" cm
V I  I
CO K . < )
* DNV f I O S I V
03
E
• 03
0» C /3
Ü
u 03
0 4 -
C/)
Cm
c 0
E
03 fct
r—4 03
U , r£ -
03 0
LC a
+ J •
03 03
U
0 r
Cm c 03
03 >
"C
0 ) 0 ) z
-i-> Ü 03
o u r
• M 3
~ 0 03
C D cn - 3
m 4 J
CU 03
> >
C f i c , 2
0 ) 0
> i - T3
Cm 03
—r 4-)
C J c»r 03
>—*
C
• H
T— M •M
1 r— C/3
I T M 03
T . T3
• 03
t c t t X
• H • mJ
U m C/3
0) 03
> r H
L • H
~ Cm
ü 0
L
— . CL
03
O 03
. —1 Ä
4-1 H
03
L
C •
c 0 )
- u • H
M-M
03 0
zz Ch
£m p

57
source is given in section 2-13• The hollow-cathode source shown in Fig. 5-2 
was used for comparing the atomic concentration in the source and absorber 
flames. The source flame was identical to the absorber flame, i.e. burners 
and spray-chambers of the same design were used, but the spray and gas flows 
were uncalibrated, hence it was necessary to compare it with the absorber 
flame whenever absolute concentrations in the source flame were required.
Figures 5-3* 5-^ - and 5-5 show some results of absorption experiments with 
the flame source. These experiments were undertaken to investigate the most 
important characteristics of the flame source and have not been placed on an 
absolute basis, as they are not required for a quantitative comparison with 
the theoretical results.
Figure 5-3 shows the effect of self-reversal in the flame source. Self- 
reversal was introduced by turning off the guard flame of the source-flame 
burner. This experiment demonstrates that the guard flame had significantly 
reduced the effect of self-reversal, although it does not prove that the flame
is entirely free of self-reversal when the guard flame is used.
The effect of self-absorption (and possibly self-reversal) is shown in 
Fig. 5-4. The concentration of the solution sprayed into the source flame 
is shown beside each curve. A curve for a hollow-cathode source is included 
for comparison. It is seen that the flame source provides an absorbance of 
approximately half of that obtained from a hollow-cathode source. This 
observation is in agreement with predictions from equations (16) and (18) and 
provides further support for the model developed in this study.
The difference in absorbance between the 3247 X and the 3274 X resonance 
lines of copper is shown in Fig. 5“5* -4s the oscillator strength of the 3247 A
line is twice that of the 3274 A line (7)> it would be expected that the
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ab so rb an ce  would be double ( i t  w i l l  be double f o r  an a b s o rb a n c e /c o n c e n tra tio n  
cu rv e  b u t n o t f o r  an a b so rb a n c e /"k 0l "  c u rv e ) .  T his ap p ea rs  to  be th e  case a t  
low c o n c e n tra t io n s  b u t th e  3247 X l i n e  shows g r e a t e r  c u rv a tu re  a t  h ig h e r  
c o n c e n tr a t io n s .  The re a so n  f o r  t h i s  i s  n o t c l e a r ,  b u t  i t  may be caused  by 
some s e l f - r e v e r s a l  o r  s e l f - a b s o r p t io n  in  th e  so u rce  f lam e .
The i n t e n s i t y  o f th e  em issio n  l i g h t  from a so u rce  flam e was p r o p o r t io n a l  
to  th e  c o n c e n tr a t io n ,  a t  low c o n c e n tr a t io n s ,  and to  th e  sq u are  r o o t  o f the  
c o n c e n tra t io n  a t  h ig h  c o n c e n tr a t io n s .  T his change in  th e  em iss io n  c h a r a c t e r i s t i c s  
a t  h ig h  c o n c e n tra t io n s  i s  caused  by s e l f - a b s o r p t io n ,  as d is c u s s e d  in  s e c t io n  
5 -1 ,  and th e r e f o r e  th e  em issio n  p r o f i l e  from  such a flam e co u ld  n o t be 
r e p re s e n te d  by a V o ig t p r o f i l e .  In  o rd e r  to  p roduce a so u rce  p r o f i l e  s im i la r  
to  th e  p r o f i l e s  assumed in  e q u a tio n  (1 8 ) ,  i . e .  a V o ig t p r o f i l e ,  th e  c o n c e n tra t­
io n  o f th e  atoms in  th e  flam e was red u ce d . The c o n c e n tr a t io n  was s e le c te d  by 
n o tin g  th e  c o n c e n tra t io n  o f th e  s o lu t io n  a t  which th e  e m is s io n /c o n c e n tra t io n  
cu rve  f o r  th e  flam e f i r s t  d e v ia te d  from  l i n e a r i t y .  A c o n c e n tra t io n  o f h a l f  
t h i s  v a lu e  was th e n  s u p p lie d  to  th e  so u rce  flam e u sed  in  th e  fo llo w in g  
e x p e r im e n ts .
5 -4  Com parison o f T h e o re t ic a l  and E x p erim en ta l R e s u l ts
The e x p e rim e n ta l cu rv es  d is c u s s e d  in  t h i s  s e c t io n  w ere a l l  o b ta in e d  
from  a so u rce  flam e c o n ta in in g  a low c o n c e n tra t io n  o f  atoms as d e s c r ib e d  in  
s e c t io n  5~3» The so u rce  p r o f i l e  sh o u ld  th e re fo re  be s im i la r  to  a V oig t p r o f i l e  
and en ab le  th e  r e s u l t s  to  be compared w ith  cu rves c a l c u la te d  from  e q u a tio n  (1 8 ).
A com parison  o f th e  r e s u l t s  f o r  th e  3281 X s i l v e r  l i n e  i s  shown in  F ig . 5-6» 
The e x p e rim e n ta l m easurem ents a re  shown as p o in ts  superim posed  on th e  c a lc u la te d  
cu rve f o r  a = 1 .0 .  The good m atch o b ta in e d  w ith  t h i s  curve would su g g e s t th a t  
s i l v e r  has an "a" v a lu e  c lo se  to  1 .0 .  This i s  in  ag reem en t w ith  th e  v a lu e  o f
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1.03 given by Hinnov and Kohn (14), which was obtained by a curve-of-growth 
method using a white light source (13)
The results lor the copper 3247 A line are shown in i?ig. 5-7« The 
experimental results are indicated by triangular points, and a calculated 
curve for "a" = 0.5 (Hinnov and Kohn (14) estimate "a” = 0.46 for copper) is 
superimposed for comparison. In this case the measured absorbance is 
approximately half the predicted value. The experimental points have been 
based on the assumption that all of the copper atoms are available for 
absorption, i.e. 100$ dissociation. If the assumption is made that only 37$ 
of the atoms entering the flame are available for absorption, a good match is 
obtained. (The experimental points for a 37$ dissociation are shown as circles) 
A value of a = 2.1 is necessary to match the experimental results if 100$ 
dissociation is assumed for copper.
A means of deciding between these alternative interpretations is afforded 
by the shape of the curve. The theoretical treatment indicates that the curves 
for a = 0.5 and a = 2.0, see Fig. 5~1> have a small but significant difference 
in shape. (Note: in comparing the shape of these curves the "k0l" scale is 
varied for one curve until the initial gradients of the two curves correspond). 
This difference enables the experimental results to be used for checking the 
alternative solution to the problem. The shape of the experimental curve best 
matches the theoretical curve for a = 0.5« This check is rather crude, due to 
the experimental error (which is high for a flame source), but it does indicate 
that the results of Hinnov and Kohn are to be preferred to the assumption of 
100$ dissociation.
The assumption of 100$ dissociation is suspect for other reasons also. In 
sectipn 3-3 it was suggested that the reaction
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CuO ^  Cu + 0
could, be responsible for depleting the number of copper atoms in the flame.
The dissociation energy of CuO and the partition function of the entities 
involved enable the dissociation for the above reaction to be estimated (23). 
Several necessary parameters in the calculation are unknown, but when reason­
able values are substituted the result indicates that a significant quantity 
of copper oxide would be expected to exist at the temperature of the flame.
This result is confirmed by estimates from the literature (23, 3 M  which 
report values ranging from 1Q& to 90% for the dissociation.
Further evidence for the presence of copper compounds in a flame is supplied 
by the emission bands which appear when copper salts are introduced into the 
flame. Bands from 6050 X to 6150 A are attributed to CuO (30), another band 
at 3280 A is attributed to CuH (30) and two further band systems at 5350 A to 
5550 A and 6150 A to 6250 X are attributed to CuOH (4).
Figure 5-8 shows a comparison of the experimental results from the 5890 X 
sodium line (triangles) with the calculated curve for a = 0.86, the value of 
"a" suggested by Hinnov and Kohn (14). The calculated curve predicts absorbance 
values that are higher than the experimental results which suggests that 
incomplete dissociation is present (as in the case of copper).. Sodium has 
been used by others as a standard reference element in the study of dissociation 
constants in the flame, on the assumption that it is completely dissociated in 
the flame. This belief appears to originate mainly from the work of James and 
Sugden (18). They used a hydrogen-rich, hydrogen/oxygen/nitrogen flame and 
reported a dissociation of 75% when they endeavoured to place their measure­
ments on an absolute basis. In view of the accumulated error of their 
experiment they assumed that sodium salts were 100% dissociated in this type
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of flame. More recent studies (19> 24) show that sodium atoms are depleted 
in an oxygen-rich flame by the formation of sodium super-oxide (NaC^)» The 
flame used in this study was slightly rich in acetylene but the flame-source 
method indicated a dissociation of 40% for sodium (when using a = 0.86, the 
value suggested by Hinnov and Kohn (14)) which is in good agreement with the 
values found by McEwan and Phillips for an oxidising flame. If complete 
dissociation is assumed a value of a = 2.2 would be necessary for the 
theoretical curve to match the experimental curve. Schutz (37) and others (11) 
estimate that sodium has an "a" value of approximately 0.5 and the most recent 
estimate by Hoffman and Kohn (15) gives a value of a = 0.786; it is therefore 
unreasonable to assume that sodium will have an "a" value as high as 2.2, in 
order to explain the observed discrepancy.
The possibility that the sodium atoms are seriously depleted by ionisation 
was also considered and tests were undertaken to check this alternative. 
Solutions of sodium with and without the addition of a caesium salt were 
examined and found to give the same absorbance. This result would indicate 
that sodium is not significantly ionised at the temperature of this flame, a 
result which is in agreement with calculations based on the Saha equation (16).
The examination of further elements by the flame-source technique was not 
undertaken for various reasons. For most elements there is uncertainty as to 
the degree of dissociation, for others the "a" values are not available and 
for some, eg. gold, the emission intensity is very weak.
The alternative interpretations of the above experiments are summarised in 
Table 5-1. The table is based on the "f" values of Moise, and the "a” values 
of Hinnov and Kohn, thus the accuracy of dissociation values presented in the 
last column is dependent on the accuracy of their results.
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Table 5-1
M etal W avelength
A
l !£> II "a" value 
o f Hinnov
"a" value assum ing 
10Q$ d is s o c ia t io n
D is s o c ia t io n  
assum ing "a" 
v a lu e  o f Hinnov
Copper 3247 0 .3 2 2 0 .4 6  * 2.1 37$
S i lv e r 3281 0.459 1.03 1 .0 100$
Sodium 5890 0 .6 7 0 0 .8 6 2 .2 40$
Because o f th e  good agreem ent found f o r  the s i l v e r  ex p erim en t and the  above 
c o n s id e ra t io n s  co n ce rn in g  d i s s o c ia t io n ,  i t  i s  co n s id e re d  t h a t  th e  f la m e -so u rc e  
ex p erim en ts  s u b s t a n t i a l l y  confirm  th e  "a" values o f Hinnov and Kohn, a t  l e a s t  
no ev id en ce  has been  found to  re n d e r  t h e i r  values s u s p e c t .  The in v e s t ig a t io n s  
u s in g  a h o llo w -ca th o d e  so u rc e , d e sc r ib e d  in  the n ex t c h a p te r ,  w i l l  th e re f o r e  
be b ased  on t h e i r  v a lu e s .
* N ote: Hinnov and Kohn g iv e  a = 0 .4 6  fo r  the  3274 X l i n e ;  i t  has been
assumed h e re  t h a t  th e  3247 X l i n e  has a s im ila r  v a lu e .
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CHAPTER 6
The Hollow Cathode Source 
6-1 Effect of Line-reversal on Absorbance
The experimental work in this section will be confined to tests with 
silver because results obtained using it appear to be substantially free of 
dissociation errors (see chapter 5)? and it is therefore the most reliable 
element for absolute studies. Equation (16) (of section 4-1 ) will be used as 
the basis for calculations. In section 4-3 it was stated that a unique solution 
for equation (16) was impossible due to an excessive number of unknown parameters, 
but as the results of section 5-4 have provided an "a" value of the absorber 
profile for silver, only two parameters remain. The calculated results shown 
in Fig. 4-2 indicate that changes in the source profile (over the small range 
to be found in hollow-cathode profiles) result in relatively small changes in 
absorbance. Changes in the self-reversal "K^", on the othef hand, can result 
in large changes in absorbance and, therefore, this fabtor will be investigated 
experimentally in order to confirm the above results.
Self-reversal can be checked experimentally by removing tne centre from the 
source line with an absorbing flame (the source flame) and then using the 
resulting (reversed) line for absorbance measurements of the absorber flame 
(47). This method assumes that the absorbing atmosphere of the source flame 
is equivalent to the absorbing atmosphere inside the hollow cathode. This is 
not strictly correct because the atoms in the flame are subject to greater 
collisional broadening (as the gases are at atmospheric pressure) than the 
atoms in the hollow cathode (at a pressure of 2 mm Hg), but the method will 
give some indication as to the effects of self-reversal.
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The experimental arrangement is shown in Fig. 5-2 (page 5 6 ). The source 
line was provided by a silver hollow-cathode lamp which was operated at the 
low current of 5 ma in order to reduce the self-reversal within the lamp as 
much as possible. The chopping disc was placed between the lamp and the source 
flame to eliminate interference caused by flame emission at the wavelength of 
the silver resonance-line (3281 1 in this experiment). The actual source for 
the experiment, therefore, consisted of the hollow-cathode lamp and the source 
flame combined. Self-reversal of the profile from this "multiple source" was 
controlled by the concentration of silver atoms in the source flame. The 
sensitivity (i.e. the change of absorbance for unit ohange in concentration) 
of the resulting spectral line was evaluated in the usual manner by spraying 
silver solutions into the absorber flame. The concentration of atoms in the 
source flame could be obtained by calibrating it against the absorber flame 
and the "k0l" value of the source flame so obtained was taken to be the "K^" 
parameter in equation (1 6 ).
The results of a typical experiment are given in Table 6-1. Small amounts 
of self-reversal do not effect the sensitivity; a "K^" value in excess of 
5.0 is required before a serious loss of sensitivity occurs. This result is 
not in complete agreement with the results calculated from equation (1 6 ) which 
predicts a greater effect for the lower values of self-reversal (see Fig. 4-3> 
page 50)* The difference is probably due to the wider absorption profile 
(discussed above) of the atoms in the source flame. In all other respects the 
theoretical and experimental results are in good agreement.
The results of this experiment indicate also that the profile of the source 
line is subject to change as the light passes along the length of the flame.
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Table 6-1
Absorbance values for progressive degrees of self-reversal in the
source profile„
Absorber flame 
k0l
Self--reversal of the Source Flams
I * ! 
I!
! O
fAII Kl = 6.0
Go 96 0.13 0.15 C M 2
2c40 0.34 0.34 0.31
4.81 0.64 0.64 0.39
9 c 62 1.17 1.11 1.01
Atomic absorption spectroscopy is usually considered to obey the Beer-Lambert 
jaw, but Lambert's law assumes that the change of absorbance with length, i„e„ 
dA/dl, is the same at any position along the absorption path. The Beer-Lambert 
law is therefore not strictly applicable to atomic absorption spectroscopy, but 
deviations will be insignificant for solutions at low concentrations. Estimates 
from the above experiment suggest that for a flame absorbance above 0.^ the 
deviation from the Beer-Lambert law would start to become apparent, below this 
absorbance the deviations would be concealed by the random experimental errors 
in measurement. In practice, the abscrbance/concentr&tion curves usually start 
to deviate from linearity at an absorbance value slightly below 'I .0, but such 
deviation may also be due to other causes (36, 39)°
The ability of the source flame to remove the centre of the hollow-cathode 
profile can form the basis of a high sensitivity method of atomic absorption 
spectroscopy. The method uses only the. frequencies in the centre of the profile, 
i.e. those frequencies which the source flame removes from the spectral line of 
the hollow-cathode lamp, and therefore the method has a higher sensitivity than
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that yielded with a hollow-cathode lamp alone» The method will not be 
described here as it has little relevance to the present study, but a short 
description is given in Appendix III»
6-2 Lamp Current
The decrease in sensitivity that results from an increase of lamp current 
is a well-known phenomenon in atomic absorption spectroscopy» This effect is 
most probably due to the self-reversal increasing with the higher lamp currents» 
If this is so^ then the increase in lamp current must cause a greater atomic
concentration within the lamp»
The increase of atomic concentration in the hollow cathode could result from 
a rise in the cathode temperature causing an increase in the vapour pressure of 
the metal, or it could result from increased sputtering (i»e» the removal of 
silver atoms from the solid metal by bombardment of positive ions) at the 
higher currents» As the hollow-cathode lamp operates on a voltage/current 
plateau, an increase in current will mean a proportional increase in the number 
cf positive ions, but the kinetic energy of the individual ions will remain 
constant» Under these conditions the number of ions sputtered, and thus the 
atomic concentration, should be proportional to the lamp current» On the other 
hand., if the increase in the atomic concentration is due to an increase in 
temperature of the hollow cathode, then the concentration will increase in an 
approximately logarithmic fashion with a rise in temperature (6), and, therefore 
with a rise in current» For most of the discussion in this chapter it is 
immaterial which process dominates the generation of atoms in the cathode, but 
some experimental evidence will be presented on this point later in the chapter»
The ratio of the intensity of the two resonance lines emitted from xhe 
hollow-cathode lamp can also provide an indication of the self-reversal within
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the lamp. This is because one resonance line has double the oscillator strength 
of the other ( 7? 2 7)« hence the line of greater oscillator strength will be 
subject to greater self-reversal. The intensity ratio of a source free of 
self-reversal can be estimated by the following considerations.
The intensity "I" of a spectral line is given by
I = A o hv . N± (19)
where "N^" is the number of atoms in the upper state of the transition (for 
convenience !,Nj " will be regarded as a concentration), "A" is -the transition 
probability, ,!h" is Planck's constant, and "v" is the frequency of the transition.
The concentration "Nj_" is related to "N", the concentration of atoms in the 
ground state, by Boltzmann's equation :
= N o —  exp(-hv»/kT) (20)
where "g-j " and "g " are the lower and upper statistical weights respectively 
and "T" is the absolute temperature.
Substituting the relationships :
and
£j
8i
8n2e2
mcV
in equation (1 9 )« and eliminating "N^" by the use of equation (20), the 
intensity is given by
Ä 8n2e2h „ / he vf . ------  . N . exp(- ^ - )ji (21)
The ratio of the intensities of two resonance lines (i) and (2) is given by
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I 1 f  1 f  X2 1 3 (22)
where " and "f2" are the absorption oscillator strengths of lines 1 and 
2 respectively, and \>) and X2 represent their wavelengths»
absorbed most and the ratio will be less than 2.0» The intensity ratio of 
a normal hollow-cathode lamp is approximately 1»0, but a ratio of almost 2.0 
can be obtained from "high-intensity" hollow-cathode lamps (41).
High intensity lamps have a normal hollow-cathode discharge which operates 
at a low current and a second discharge which operates at a high current» The 
high-current discharge occurs outside the hollow cathode in a region of lower 
atomic concentration» The light from the high-current discharge does not have 
to pass through regions of high atomic concentration, therefore, the resonance 
line should be substantially free of self-reversal. For example, the following 
measurements were obtained from a high-intensity silver lamp. When the lamp 
was operated as a normal hollow-cathode lamp, ice. the main discharge was not 
operating^ the intensity ratio of the two silver resonance lines was 1»1 (lamp 
current 5 ma), but when the main discharge was operating (130 ma and 3 ma) the 
ratio increased to 1 »5 (some lamps give a ratio ad high as 2.0). The absorbance 
(at 3281 A) of a standard silver solution was measured for both modes of 
operation. The absorbance value was only 6% lower for the normal hollow-cathode 
lamp, therefore the self-reversal in the spectral line from the normal hollow- 
cathode lamp (at 3 ma) does not lead to a great loss in sensitivity. Similar 
results have been reported for a copper lamp (41).
Evaluating equation (22) for the case of silver gives an intensity ratio 
^3281 ^ 3 3 8 3 °** aPProximately 2»0o Any source with a ratio of 2.0 is therefore 
free of self-reversal. If self-reversal is present the 3281 1 line will be
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The above experiment, and that discussed in section 6-1, indicate that 
small degrees of self-reversal in the source profile will not cause a significant 
change in the absorbance value. This can be understood by reference to Fig. 6-1 
which shows a Doppler broadened source line, (aj; = 0 .0) which has been subjected 
to progressive degrees of self-reversal (denoted by the "Kp" values). The Voigt 
profile for a_^  = 1„0 (the absorption profile for silver atoms in a flame) has 
been superimposed for comparison. It is apparent that the height of the 
absorption profile has not changed extensively over the major portion of the 
"(jo" range occupied by the Doppler profile. When high degrees of self-reversal 
are present, the "wings’' (areas of maximum intensity) of the source profile 
move outwards into the region of lower absorption, i.e. the wings of the 
absorption curve, whilst in the region of high absorption the total effectiveness 
of the source line has been reduced because of the relatively low intensity of 
the line in this region.
Figures 6-2 and 6-3 show the extent of the decrease in sensitivity which 
results from increases in the lamp current. The experimental results at 
currents of 5 ma, 10 ma and 20 ma are given for each of the resonance lines of 
silver, together with the calculated curves of best match. The calculated 
results indicate that approximately proportional to the lamp current
(especially in the case of the 3383 line), hence it is assumed that the 
concentration of silver atoms in the hollow cathode depends on the sputtering 
mechanism rather than on the temperature of the cathode. The results obtained 
with the highest current for the 3281 K line show an unexpectedly large value 
of "K^". This result cannot be explained by the simple model used for the 
investigation. The anomaly is probably caused by second order effects (such 
as the spectral temperature inside the hollow cathode) which have become large

3-0
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owing to the extreme conditions used in the experiment.
The results of the above comparison indicate that a small degree of self­
reversal is present when the silver lamp is operated at 5 ma. The experiments 
with the high-intensity lamp showed that this self-reversal had reduced the 
absorbance by 6/o„ Calculations based on equation (16) indicate that the 
absorbance will be reduced by 1Q$. In view of the experimental errors and the 
approximations in equation (16)5 this agreement is considered satisfactory«)
6-3 Predictions Concerning the Absorption Profile of Cold Atoms
If it is assumed that gold is as inert as silver in the flames and that 
the source profile from the hollow-cathode lamp has a value of a^ = 0.01, then 
it is possible to estimate the approximate ’’a^" value of the absorption profile 
for goldo It was not possible to evaluate by the flame-source method
because of the poor emission intensities from the gold atoms in the flame«
(jThe experimental results for the 2428 A and 2676 A resonance lines are 
shown in Fig. 6-4« These results were obtained at a lamp current of 5 ®a 
in order to minimise the effect of self-reversal. The experimental points lie 
almost on a single line# although two resonance lines are involved. Similar 
results were found for silver and copper. This observation suggests that the 
lines of a group IB resonance doublet have similar "a^" values (within the 
accuracy of the experiment). This conclusion is in substantial agreement with 
the results of Hinnov and Kohn (14), who report "a^" values of 1.03 and O.96 
for the 328I 1 arid 3333 & silver lines respectively.
The experimental results in Fig. 6-4 are confined to a region between two 
theoretical curves which have "a/ values of 1.0 and 1.3® Using the region of 
low "k0l" for the most accurate estimations the results in Fig. 6-4 suggest 
that the resonance lines of gold have a value of = 1,2 (1 0,2), This
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prediction has been made on the assumption that no self-reversal is present 
in the source line (this appears to be substantially correct as the results 
with a lamp current of 10 ma were similar to those obtained at 5 nia) and that 
the source profile could be represented by the Voigt profile for a^ = 0.01.
If self-reversal is present, then the "a" value suggested above will be too 
large. Examination of the family of calculated curves indicates that the same 
result would be predicted if the "a^" value were between 0.00 and 0.30 for the 
source; thus assumptions concerning the profile of the source line will not 
cause serious error in the final estimation.
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CHAPTER 7
The Atomic Extinction Coefficient 
7-1 Definition and Discussion of the Extinction Coefficient
A coefficient called the "molecular extinction coefficient" is often 
used in the field of molecular absorption spectroscopy. This coefficient 
specifies the absorbing properties of the molecule at a given wave-length 
and is independent of the concentration and path length used in the experimental 
determination of the absorbance. The molecular extinction coefficient, 
designated "K", is related to the incident and transmitted intensities by
Iv = 1° exp(-KCL) (23)
where "C" is the concentration and "L" is the path length. The numerical 
value of the coefficient depends on the system of units used in specifying 
the concentration and path length. This value is, in effect, the absorbancy 
(at frequency v) for a solution of unit concentration and unit path length.
The extinction coefficient is the most convenient means of specifying the 
optical absorption properties and therefore it will be used here to describe 
the absorption of atoms in a flame. In this case equation (23) can be expressed 
in terms of an "atomic extinction coefficient" by
Iv - 1° exp(-aNl) (24)
where "N" is the concentration of atoms/cm-', "1" is the path length in cm and 
"a" is the atomic extinction coefficient in cm^ per ground-state atom.
In using the molecular extinction coefficient it is often necessary to 
specify the solvent, pH, temperature, etc. that were employed in the determin­
ation because the absorbing properties of the molecule are influenced by its
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environment-«, Similar considerations apply to the atomic extinction coefficient 
owing to the environmental factors discussed in the previous chapters. 
Investigations reported in chapters 5 and 6 indicate that the most likely
OL
cause of error in the determination of "%" will be the uncertainty surrounding 
the atomic concentration "N"„ On the other hand it is relatively simple to 
specify "N"1, the number of metal atoms introduced into the flame in the form 
of a salt« If "N’" is used in place of "N", then an "apparent" atomic extinction 
coefficient, designated as "ß", can be used to replace "a", the true extinction 
coefficient. Equation (24) can be reformulated to give
Iv = 1° exp(-pN'l) (25)
7-2 Apparent Extinction Coefficients
As the magnitude of the apparent extinction coefficient "ß" will be subject 
to environmental factors, the experimental conditions must be specified when 
discussing the "ß" value of an element«, For example, in the case of sodium, 
which is generally considered to be free of such environmental interference, 
the results of McEwan and Phillips (24) show that the concentration of sodium 
atoms in a hydrogen/oxygen/nitrogen flame can be reduced by over half when 
using an oxidising flame in place of a reducing flame. The alkaline earth 
elements will be even more sensitive to the flame conditions (17)» For the 
"ß" values to be of most use they should be measured in a flame similar to that 
used in the analytical determination of the element. This was not done because 
of the extensive recalibration of the flame that would be required when the gas 
flow rates were changed from element to element. A compromise was made; a 
"medium" acetylene/air flame was used as this type of flame is suitable for the 
majority of elements that are determined by the atomic absorption method.
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The "ß" values for sixteen common elements are presented in Table 7-1«
A flame with an air/acetylene ratio of 9-35 was used for all of the measure­
ments. The hollow-cathode lamps were operated at the most convenient current 
(with regard to signal-to-noise ratio) rather than the current which gave the 
highest sensitivity, although in several cases both requirements were satisfied 
by the same condition»
The "ß" values of Table 7-1 can be used to estimate the atomic concentration 
"N"' if the absorbance "A" and the path length "l" are known. The relationship 
between these parameters can be obtained by combining equations (3) and (2 5 ) 
to give
A = log10 exp(ßN,:L) (2 )^
The "ß" value enables any atomic absorption measurement to be placed on an 
absolute basis if the dissociation is known, i.e. dissociation {%) = N/N* x 100. 
If the dissociation is not known the "ß" values of silver or gold can be used 
to calibrate any spray and burner combination. The compounds of these metals 
are probably completely dissociated in most types of analytical flames, there­
fore the "ß" values are not so subject to change with the conditions of the 
experiment. Silver or gold can therefore be used as an internal standard for 
investigations concerning the dissociation of other elements.
The "ß" values could also be of practical use for investigations, such as 
industrial furnace flames, where it is desired to estimate the atomic 
concentration within a flame, but it is not possible to use the usual comparison
technique.
Table 7-1
The V alue o f th e  A pparent E x t in c t io n  C o e f f ic ie n t  "3"
C .
E lem ent Lamp C u rren t W avelength (A) ß
(ma)
S i lv e r 5 3281 8 .25  x 10"13
3383 4 .0 9  x 10~13
Copper 5 3247 4 .1 5  x 10"13
3274 1 .8 9  x 10"13
Lead 10 2833 1 .29  x 10"14
2614 1 .6 0  x 10“15
2170 1 .48  x 10"13
M ercury 5 2337 1 .61 x 10“14-
Cadmium 7 3261 4 .2 9  x 10-15
2288 4 .6 5  x 10-^3
Zinc 10 2138 1 .82 x 10-12
Gold 10 2676 1 .49 x 10-13
2428 2 .7 7  x 10-13
Chromium 10 3579 5 .05  x 10-15
S tro n tiu m 23 4607 6 .87  x 10-14-
Calcium 10 4227 2 .5 6  x 10-14-
Magnesium 5 2852 1 .31 x 10-12
I ro n 20 2483 1 .60  x 10-13
Manganese 10 2795 4 .9 4  x 10-13
2798 3 .6 7  x 10-13
2801 2 .2 0  x 10-13
C ob alt 20 2407 1 .8 4  x 10-13
N ick e l 10 2311 1 .89 x 10-13
2320 2 .6 8  x 10-13
Sodium 10 5896 4 .4 0  x 10-13
5890 7 .3 2  x 10-13
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CHAPTER 8 
Conclusions
8-1 Summary and Conclusions
The work in this thesis has been concerned with the formulation of a 
mathematical model suitable for the quantitative evaluation of atomic absorption 
measurements. The assessment of a model entails the comparison of calculated 
absorbance values with experimental absorbance values which have been placed 
on an absolute basis. Absolute absorbance measurements require a knowledge 
of the concentration of the ground-state atoms in the absorbing region and, in 
the case of a flame, this is difficult to estimate.
This problem has been partly overcome by the construction of a special 
burner which can be regarded as a high temperature furnace for the spectros­
copic study of atoms dispersed in the gas phase. The concentration of the 
total number of metal atoms (free and combined) in the working zone of this 
burner can be estimated to approximately ± 10%. Because of the special precautions 
taken in the design and calibration of this burner system, it is considered that 
the atomic concentrations, i.e. the total concentrations, used in this study 
have been estimated more accurately than was possible by previous methods.
On the other hand, the concentration of ground-state atoms cannot be estimated 
with confidence because the dissociation of the metal compounds in the flame is 
rarely known. An attempt has been made to surmount this difficulty by choosing 
elements which can be expected to show a high degree of dissociation in the 
flame. The elements chosen for study were sodium, copper, silver and gold.
These elements are members of the same spectral series. In this series an "s" 
electron can be promoted to a P level and thus provide two resonance lines which 
are suitable for atomic absorption studies. A further consideration in the
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choice of these elements was the availability of reliable oscillator strengths 
for the resonance lines.
The peak-absorbance model was modified by incorporating a generalized line- 
profile for the emission line from the source and another generalized profile 
for the absorption line of the flame. This modification led to difficulties 
in calculating the absorbance values predicted by the new model. As the source 
line of the new model had a finite width it became necessary to use tedious 
methods of numerical integration in order to evaluate the absorbance from the 
integrated intensity of the source line. A procedure was developed for 
evaluating the absorbance with the aid of an electronic computer. The program 
that resulted from this study was capable of operating on any combinations of 
source and absorber profiles, therefore it was capable of investigating a very 
large number of possible models, including the peak-absorption model.
The Voigt equation was selected to provide line profiles for use in the 
new model. This equation can facilitate the study of the effects of collision 
broadening, Doppler broadening and self-reversal in the source, but it cannot 
be easily adapted to investigate self-absorbance in the source profile or 
asymmetry and frequency shift in the absorber profile. This was not considered 
to be a serious limitation, as the latter two phenomena were considered to be 
second-order effects which could be eliminated in experimental measurements by 
a suitable choice of the experimental conditions.
In order to apply the Voigt equation to the main computer program it was 
necessary to develop a second program to evaluate the Voigt profiles. This 
program evaluated the Voigt profiles by numerical integration and presented the 
results in a form suitable for use in the main program.
Calculations resulting from the modified model indicated that it was possible
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to predict absorbance values in good agreement with the experimental measure­
ments. However, the new model had introduced several new parameters and many 
combinations of these parameters were found to yield absorbance values in 
satisfactory agreement with the experimental values* It was therefore necessary 
to limit the scope of the investigation to the most important parameters. The 
assumption was made that the source profile had the same Doppler broadening as 
the absorber profile, that it was free of self-absorption and that it had very 
limited collisional broadening.
Even with the above assumptions it proved impossible to obtain a unique 
solution for the unknown parameters, i.e. the collisional broadening of the 
source and absorber profiles and the extent of the self-reversal in the source.
This difficulty led to the development of an alternative method of investigation.
A flame of similar properties to those of the absorber was used as a source.
On the basis of Kirchhoff's Law the profiles of the emitter and absorber could 
be assumed to be identical if the atomic concentrations in the flames were similar. 
In order to assume that the source profile could be represented by a Voigt profile 
it was necessary to operate the source flame at very low atomic concentrations.
This requirement led to a considerable reduction in the intensity of the 
resonance line from the source flame and caused some experimental difficulties 
which were overcome by modifying the electronic equipment that was used in the 
measurement.
As the source flame was a shielded flame it was assumed that the source 
profile was free of self-reversal. The model was then used to compute an 
absorbance/"k0l" curve based on identical source and absorber profiles. A 
family of curves for different degrees of collisional broadening was produced 
for comparison with the experimental curves obtained from absorbance measurements
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with sodium, copper and silver» The results of the silver experiment indicated 
that the silver atoms in the flame could be represented by a Voigt profile 
having an a value of 1.0. This result was in good agreement with previous 
estimates (by other workers) which were obtained by a different method. The 
results with copper and sodium did not agree with the estimates of other workers 
and it was necessary to assume that the previous statements were incorrect or 
that sodium and copper atoms were not completely released in the flame. As 
experimental evidence has been obtained by other workers that compounds of 
these elements are present in the flame, it was considered that a deficiency of 
free atoms had caused the discrepancy.
The results of the experiment with the flame source indicated that only yffo 
of the copper atoms and of the sodium atoms were released in the flame. 
Sodium salts are generally considered to be completely dissociated in the flame, 
and sodium is therefore often used as an internal standard for the investigation 
of other elements in a flame environment. The results of the experiments 
described in this thesis would indicate that silver (or possibly gold) would be 
a more suitable element to use as an internal standard.
As the results of the flame-source experiment indicated that silver was 
completely dissociated in the flame, and could be represented by a Voigt profile 
of a = 1.0, silver was used to investigate the self-reversal in a hollow-cathode 
lamp. Absolute absorption measurements were made at different lamp currents.
The absorbance values were found to decrease as the lamp current increased, and 
this was attributed to self-reversal caused by a rise in the partial pressure 
of silver atoms inside the lamp. Experiments were performed with each of the 
resonance lines for silver and the results were compared with calculations from 
the model. In each case the degree of self-reversal indicated from the
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calculations was proportional to the lamp current (except for very high currents). 
Both the calculated and experimental results indicated that extensive self­
reversal of the source line could cause a marked decrease in absorbance. This 
result was also confirmed by a further experimental test in which light from a 
hollow-cathode lamp was reversed by passing it through the source flame before 
it passed through the absorber flame.
The absolute absorbance measurements of copper., silver and gold (using a
hollow-cathode source) indicated that the two resonance lines of each element
have very similar collision broadening. In each case the line of lower
2oscillator strength, i.e. that from the appeared to have a slightly
lower "a" value, an observation that is in agreement with results reported by 
others. However, as the difference between the two absorbance/"k0l" curves 
was of a similar magnitude to the experimental error, and because the line of 
higher oscillator strength is more subject to self-reversal, the difference may 
not be real.
The collisional broadening of the absorption profile of the gold atom in a 
flame was estimated from absolute absorbance measurements obtained with a 
hollow-cathode lamp. A family of calculated curves was compared with the 
experimental results. In making this comparison it was assumed that all of the 
gold atoms were released into the flame and that the spectral line from the 
hollow-cathode lamp had no self-reversal and very little collisional broadening 
i.e. a = 0.01. The comparison indicated that the line profile of gold atoms in 
the flame could be represented by a Voigt profile of a = 1.2. This would be an 
upper limit; if some of the gold atoms were combined in the flame, the result 
would be lower.
Absolute absorbance measurements were made with many other elements, but
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owing to the uncertainty caused by dissociation the results were of little use 
to this study. The results of these measurements have* however, been included 
in the form of an apparent atomic extinction coefficient. The use of these 
coefficients enables measurements in uncalibrated equipment to be placed on a 
semi-absolute basis.
The discussion in this chapter shows that the modified model is capable of 
providing useful quantitative results for application to absolute absorption 
investigations. The model was able to predict absorbance values in close agree­
ment with experimental measurements. It was also able to predict the effects 
of self-reversal in the source line. The most stringent test of the model 
concerned the prediction of the absorbance values of the same solution when it 
was measured with a hollow-cathode source and a flame source. The calculated 
results were less than 5% different from the experimental measurement. Such 
tests have led to confidence in the model and, although it lacks some refine­
ments, the model is considered to be the best compromise in view of the complexity 
of the problem and the lack of reliable information concerning many of the 
important parameters.
8-2 Suggestions for Eurther Investigations
The absolute absorption technique has created more problems than it has 
solved. If the atomic concentration is known to a relatively high degree of 
accuracy it is then necessary to know all of the other parameters to a similar 
accuracy. In the past, such parameters as the oscillator strength and the 
dissociation have been used for "order of magnitude" estimations, but in the 
future these parameters may possibly be required for estimations of better than 
1/&. Also it is apparent from this and other studies that more factors will need 
to be considered as the demand for further accuracy develops.
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Before this development can take place it will be necessary to obtain 
accurate source and absorber profiles, dissociation constants and oscillator 
strengths. Later it will be necessary to investigate such second-order effects 
as the asymmetry and wavelength shift of the absorber profile at high levels of 
atomic concentration. Absolute absorbance measurements could make a 
suDstantial contribution to these investigations, as it affords the most direct 
means of investigating the problems involved, but the method will need further 
refinement.
In further investigations it would be advisable to modify the experimental 
methods described in this thesis in a number of ways i
(a) High-intensity, hollow-cathode lamps should be used to reduce self­
reversal in the source profile0
(b) Highly reducing flames should be used for most metals as the formation 
of oxides or hydroxides appears to be a major cause of the depletion of atoms 
in a flame.
(c) The burner should be designed to operate with other fuels, such as 
nitrous oxide, which are capable of producing a very hot flame, in order to 
cause more complete dissociation for those elements which tend to form refractory 
compounds„
(d) The burner system should also be designed to use a three component 
mixture such as is used in the hydrogen/oxygen/nitrogen flame. Such flames are 
better for investigating such phenomena as the change of the dissociation 
constant with temperature, because the temperature can be changed without 
drastically changing the chemical environment of the flame or the flow rates
of the gaseso
(e) Silver should be used as an absolute standard.
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(f) A more reliable spray unit should be designed. The commercial spray 
units are subject to variations of several percent over short periods (this may 
not be entirely due to deficiencies in the spray unit) and for the most accurate 
work it will be necessary to monitor the spray with a standard solution.
In conclusion it can be stated that the future of this technique depends on 
the quality of the experimental technique. The theoretical development is 
substantially complete and now awaits the accurate evaluation of the necessary 
parameters.
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APPENDIX I
• Computation of the Ratio I0/I
The program presented in this Appendix evaluates the ratio
ö©
Io f(v) exp(-KLf(v) ) av
■—    — —     ------------ ----------- -- -   —
-U* f(v) exp(-KLf(v) exp(-K g(v))dv
The functions f(v) and g(y) are Voigt profiles which have been normalised so 
that the maximum intensity of the Doppler profile has a magnitude of 1.0 
(i.e. for the profile s a - O.Q, = 1.0 in the notation of the main text), 
but the program should function satisfactorily for any other form of the Voigt
profile (eg. those profiles in which the area under the <
normalised to 1.0) provided f(v) and g(v) are members of
set« To relate this to equation (17) 
substitutions must be used:
(in the main text)
Main text Appendix I
ss *0
h rr I
iS = 1 .0
k l =: K t , (referred
k0l = K
SOURCE)
The absorbance ,!A"V can be calculated by the relationship
A = l°g10(lo/“-
but the program, as presented hers« dees not include this modification. The 
program computes the value of MI0/lw for values of MK" over the range 0.0(0.5) 
20.0. Voigt profiles are tabulated at intervals of the variable "oo" (see page 45)
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but different reference sources use different intervals of "cd". This difficulty 
has been overcome by programming the computation to operate with tabulations 
using different intervals of "0)’% and it is therefore not necessary for f(v) 
and g(v) to be evaluated at identical values of "w". The Voigt profiles 
tabulated in Appendix II have, however, been evaluated for the same values of "go" .
The data cards for the computation consist of a set of Voigt profiles and 
three individual cards which are inserted in the main program. The main data 
pack can contain up to 28 Voigt profiles. The data for each profile are 
arranged in three columns, similar to the tabulations in Appendix II. Each 
card contains three separate values, i.e. three sets of the "go" value and the 
"KN/KO" value of Appendix II, followed by the "a" value of the profile. The 
cards are punched to the specification contained in 4 FORMAT (statement 2).
Each profile must be preceded by a card containing three integers which specify 
the number of entries in each of the three columns of tabulated data that 
follows. This card is punched to the specifications contained in 18 FORMAT 
(statement 8). The data set is determined (i.e., at the end of the data of 
the last- profile) by a similar card with the integers 0,0,0, in the three 
appropriate positions.
In the main program the variable "WVALUE" is used for "go" and "VOIGT" is 
xised for the K.(N)/K(0) value of the profile. The profiles used in the 
computation are selected by their "a" value, which is designated as "A" in the 
program. The self-reversal parameter for the source profile "K^" is designated 
as "EMISSK" and is set for a particular series of calculations by changing the 
card of statement 37» The "a" values of the source (emission) and absorber 
(absorption) profiles are the variables "AEMIS" and "AAJBS" respectively.
Reference to statements 43 and 45 shows that the program is set to run on
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identical profiles for the source and absorber (i„e0 a flame source experiment) 
starting at the twelfth profile in the data pack and continuing to the end of 
the pack (i»e» up to ,9NUMA" which is the variable that gives the total number 
of profiles held in the data pack)0 If other ranges are required the DO loops 
of statements 4-3 and 4-5 can be altered accordingly, or single values may be 
computed by removing the appropriate DO loop and specifying the numerical value 
of ,#al# for *5AEMXS" or "MBS".
The format of the final output prints the "a" values of the source and 
absorber profiles and the "K^" value for the self-reversal of the source profile. 
The main results are arranged in three columns, in each column the nk0ln values 
are designated as "K" and the "I0/I" column as'"l(0)/I".
i2
z
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
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CALCULATION OF l ( 0 ) / l
DIMENSION VOIGT( 2 0 0 , 2 8 ) ,W V A L U E (2 0 0 ,2 8 ) ,B (1 0 ) ,A l (2 8 ) ,R E S ( 5 0 ) , 
1AK(100),NUM(3)
4  FORMAT ( 3 X , 3 ( 5 X , F 5 .1 , 2 X ,E 1 1 . 5 ) , 3 X ,F 5 . 2 )
7 FORMAT ( ‘O ' , 'A-VALUE FOR LINE~SOURCE=' , F 6 . 2 )
8 FORMAT ( * ' , ’'A-VALUE FOR ABSORBING- FLAME= ' , F 6 . 2 )
9 FORMAT ( '  ’ , 'K-VALUE FOR LINE-SOURCE=1, F 6 . 2 )
11 FORMAT ( ' 0 ' , 3 ( 1  O X , ' K ' , 6 X , ' l ( 0 ) / l ' ) )
12 FORMAT ( '  7X ,F 6 .2 ,2 X ,E 1 1  #5 > 2 (4 X ,F 6 .2 ,2 X ,E 1 1  . 5 ) )
18 FORMAT (3 1 4 )
15 DO 17 1 = 1 ,2 8  
DO 16 J = 1 5200 
V 0 I G T ( J , l ) = 0 . 0
16 WVALUE(J,l)=OoO
17 A I ( I ) = 0 . 0  
L=1
19 READ ( 1 , 1 8 )  (NUM(I),I=1 ,3 )
IF(NUM(1) )  3 0 ,3 0 ,2 1
21 Ns=NUM(3)
V0IGT(2 0 0 , L)=NUM(1 ) +NUM(2 ) +NUM(3 )
WVALUE(200,L)-VOIGT(200,L)
DO 20 1=1 ,N 
J=NUM(1 ) + I  
K=NUM(2)+J
20  READ(1,4) W V A L U E (I ,L ) ,V 0 IG T (I ,L ) ,W V A L U E (J ,L ) ,V 0 IG T (J ,L ) ,
1WVALUE(K,L),VOIGT(K,L),a
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
4 4
45
46
47
a i ( l )=a
N=NUM(1)+NUM(2)-2*NUM(3)
IF ( N - 1 ) 2 4 ,2 2 ,2 3
22 N=NUM(1)
R EA D (1,4) W VALUE(N,L),V0IGT(N,L)
L=L+1 
GO TO 19
23 N=NUM(1)
M=N+NUM(2)
READ(1,4 )  W VALUE(N,L),VOIGT(N,L),WVALUE(M,L),VOIGT(M,L)
24  L=L+1
GO TO 19
FINISH READING IN A-VALUES AND VOIGT FUNCTION VALUES 
READ IN K(M) FOR EMISSION AND ABS. FLAMES 
30 NUMA=L-1 
EMISSK=7»0 
A K (1 )= 0 .0  
DO 32 1 = 1 ,4 0  
P I = I
32 AK(I+1 ) = P l / 2 .0  
NUMK=41
DO 60 N=12 ,NUMA
a e m is =a i ( n )
DO 60 NN=1 2 ,NUMA 
AABS=AI(NN)
DO 40  M=1,5 0
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4 8
49
5 0
51
52
53
54
55
56
57
5 8
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
99
4 0  R E S ( M ) = 0 . 0  
NAEMIS=N 
NAABS=NN
DO 5 5  L=1,NUMK 
ABSK=AK.(L)
FORM INTEGRALS
K=WVALUE( 2 0 0 , NAEMIS) - 2 . 0
SUM1=V0IGT(1 , NAEMI.S) * ( 2 . 7 1  8 2 8 2  * * (  -E M IS  SK*VOIGT( 1 ,NAEM IS) ) )
1 * ( WVALUE ( 2 ,  NAEMIS) -WVALUE (1 , NAEMIS ) )
SUM2=SUM1* ( 2 . 7 1 8 2 8 2 * * ( -A B SK *V O IG T (1 ,NAABS) ) )
KK=WVALUE( 2 0 0 , NAABS) - 2 . 0  
IF(N A A B S-N A EM IS) 5 3 , 5 1 , 4 1
41 J=1
DO 5 0  1=1 ,K
VAL=VOIGT( 1+1 , N A E M I S ) * ( 2 . 7 1 8 2 8 2 * * ( - E M I S S K * V 0 I G T ( I + 1 , N A E M IS )) )
1 * (WVALUE ( 1 + 2 , NAEMIS) -WVALUE ( I , NAEMIS) )
SUM1=SUM1 +VAL
4 2  IF(WVALUE( J , NAABS) -WVALUE(1 + 1  , NAEMIS) )  4 3 , 4 4 , 4 4
4 3  J = J + 1
GO TO 4 2
4 4  A V O IG T = V O IG T (J ,N A A B S )+ (V O IG T (J -1  , N A A B S )-V O IG T (J ,N A A B S ) )
1 * (  WVALUE (1 + 1  , NAEMIS)-WVALUE (J ,N A A B S  ) ) / (W V A L U E (  J - 1  , NAABS)
2 -W V A LU E(J,N A A BS))
5 0  SUM2=SUM2+VAL*( 2 . 7 1 8 2 8 2 * * ( -A B SK *A V O IG T))
GO TO 5 4
51 DO 5 2  1 = 1 ,K
VAL=VOIGT(1 + 1 , NAEMIS) * ( 2 . 7 1 8 2 8 2 *  * ( -E M IS S K * V O IG T (1 + 1 , N A E M IS )) )
1 * (WVALUE( 1 + 2 , NAEMIS) -WVALUE( I , NAEMIS) )
SUM1=SUM1 +VAL
5 2  S U M 2 = S U M 2 + V A L * (2 .7 1 8 2 8 2 * * ( -A B S K * V 0 IG T (I+ 1  , N A A B S )))
GO TO 5 4
5 3  DO 5 6  1 = 1 ,K
5 6  S U M 1= S U M 1+V 0IG T (I+1 , NAEMIS) * ( 2 . 7 1 8 2 8 2 * * ( -E M IS S K * V O IG T (1 + 1 ,N A E M IS ) ) 
1 ) * (WVALUE(1 + 2 , NAEMIS) -WVALUE( I , NAEMIS) )
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82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
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J=1
DO 65  1 = 1 ,KK
5 9  I F ( WVALUE( J , NAABS) -WVALUE( 1 + 1 , N A E M I S ) ) 6 1 , 6 2 , 6 2
61 J = J + 1  
GO TO 39
6 2  AVOIGT=VOIGT( J ,NAABS ) + ( V 0 I G T ( j - 1  ,N A A B S )-V O IG T (J ,N A A B S ) )
1 *  (WVALUE ( J ,N A A B S) -WVALUE (1 + 1  ,NAEM IS) ) / (  WVALUE ( J ,N A A B S )
2 -WVALUE ( J - 1  , NAABS))
65  SUM2=SUM2+V0IGT(I+1 , N A E M I S ) * ( 2 .71  8 2 8 2 * * ( -E M IS S K * V O IG T (1 + 1 ,N A E M IS ) ) 
1 ) * ( WVALUE ( 1 + 2 ,  NAEMIS) -WVALUE ( I , NAEMIS ) ) * ( 2 . 7 1 8 2 8 2  * * ( - ABSK* AVOIGT) )
KK=KK+1 
DO 66 1 = 1 ,KK
IF(W V A LU E(I,N A EM IS)-W V A LU E(K K ,N A A B S)) 6 6 , 6 7 , 6 7
66 CONTINUE
6 7  K J = I
SUM 2=SUM 2+V0IGT(KJ,NAEM IS) * ( 2 . 7 1 8 2 8 2 * * ( - E M I S S K * V 0 I G T ( K J , N A E M IS )) )  
1 *  (WVALUE (K J+1  , NAEMIS )+W VALUE(KJ, NAEMIS)-WVALUE (KK+1 , NAABS)
2 -WVALUE ( KK, NAABS) )
KJ=K J+1 
DO 7 0  I = K J , K
7 0  SUM2=SUM2+VOIGT( I , NAEMIS) * ( 2 . 7 1 8 2 8 2 *  * ( -E M IS  SK*VOIGT( I , NAEMIS) ) )
1 * (  WVALUE ( 1 + 1 , NAEMIS)-WVALUE( 1 - 1 , N A EM IS))
5 4  R E S (L )= S U M 1/SUM2
5 5  CONTINUE
W AITE( 3 , 7 )  AEMIS 
W RITE( 3 j 8 ) AABS 
W RITE( 3 , 9 ) EM ISSK 
W RITE( 3  s 1 1 )
LNUM= NUM/3+1 
DO 6 0  1 = 1 ,LNUM 
J=I+LNUM 
K=J+LNUM
6 0  WRITE ( 3 , 1 2 )  A K ( I ) , R E S ( I ) , A K ( J ) , R E S ( J ) , A K ( K ) , R E S ( K )
8 0  STOP
END
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APPENDIX II
Generation of the Voigt Function
If spectroscopic calculations involving the Voigt function are to be 
evaluated on an electronic computer, it is much quicker (and the procedure is 
less subject to error) to compute a set of profiles and store the results on 
tape or cards, than to have the profiles hand-punched from a published table. 
A list of published tables will be included under "Reference Tables", but 
these tables seldom cover the range of interest to spectroscopists and are 
included only because they were used in checking the present program.
The Voigt function is given by
—  _ a f  e*p(-y2) dv
k° ' " a2+(u>-y ) 2 7
In previous computations this function has been expressed as a polynomial 
expansion in "a", but the results are accurate only over a limited range of "a" 
The approach used here is to transform the integral by using a suitable 
trigometric substitution, and evaluate the expression by numerical integration. 
Using the substitution
y = tan x
then secz x dx
and
j°° exp ( -y2 )
0 a2+(oo-y)2
dy = J
n/2 exp(-tan2x)sec2x 
a2 + (co-tan x)2
Similarly
j° ssL-£l dy
a2+(w-y)2
exp(-tan2x)sec2x ^  
a2 + (oo+tan x)2
102
Thus k
k,o
v
Simpson's rule was used for the integration. The range of "x" was divided
An IBM 360/50 computer was used for the calculation. The values of the 
integrand were calculated in a sub-routine using double precision (16 digit) 
arithmetic, and the main program was evaluated in single precision (7 digit) 
arithmetic. The result was printed to the first four digits; thus truncation 
can cause an error of 1 unit in the fourth digit. The results were in excellent 
agreement with other tabulations, i.e. occasional differences of 1 in the fourth 
significant figure, except for values of "a" below 0.03» Consideration of the 
integrand shows that, as "a" decreases, the integrand becomes large at u) = tan x, 
so that for a given interval width, small values of "a" would tend to give less 
accurate results. For the lower values of "a" the tables of Hummer (see page 
106 ) were used.
The program will compute values for "<d" over the range 0.05(0*05) 2.00(0.25) 
10.00(0.50) 20.00(1.00) 30.00(2.00) 400. When the integral, i.e. kv/kQ, drops 
to 10-3 of the value at 00 = 0 the calculation is terminated. Profiles are 
tabulated for values of '‘a’* over a range 0.01 (0.01 )0 .10(0 .10)1 .00(0 .50)1 0.0 0. 
Removal of the DO loop at statement 25 and inserting a value of "a" in state­
ment 26 enables a single profile to be calculated. The program will simultan­
eously print the profile and punch cards to the format shown in the tables. 
Removal of the WRITE instruction at statement 44 will prevent card output. The 
program is written in Fortran IV - subset G, but has performed satisfactorily 
on a subset E compiler. The tables are labelled with "W" for "u>" and "KN/KO" 
for "kvA 0". The decimal multiplier is printed in the "E" format/(10”2 s E-02).
into 500 intervals i.e. n = 500, thus the increment "Ax" was n x 10”^.
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33
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C GENERATION OF THE VOIGT PROFILE 
DIMENSION RES(200) , WVAL(200)
N=0
DO 11 1=1,41
N=N+1
P=I
11 WVAL (N )= (P -1 .0 ) /2 0 .0  
DO 12 1=90,400,10 
N=N+1
P=I
12 WVAL (N )=P/40.0
DO 13 1=210,400,10
N=N+1
P=I
13 WVAL (N )=P/20.0
DO 14 1=630,1300,30
N=N+1
P=I
14 WVAL (N )=P/30.0
DO 15 1=3850,28000,350
N=N+1
P=I
15 WVAL (N )=P/70.0 
DO 16 1=1,200
16 RES(l)=0«.0
DO 22 M=10 ,100 ,5  
A=M/10 .0  
DO 20 N=1,200
RES(N)=A/3.141593*funct( a ,wval(n ) )
J=N
IF (RES(N)-RES(1)/l 000)21 ,21 ,20
20 CONTINUE
21 WRITE(3,31)A
w rite( 3 , 32)
34
33
36
37
38
39
40
41
42
43
44
45
46
47
46
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50
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2
3
4
5
6
7
8
9
10
11
12
13
14
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L = J - J / 3 * 3  
IP  ( L ) 2 3 , 2 3 , 2 4  
23 NL=J/3 
GO TO 25
24 NL=J/3+1
25 DO 22 N=1,NL 
K1=N
K2=K1+NL 
K3=K2+NL
VmiTE(3,33)WVAL(K1) ,RES(K1 ) ,VWAL(K2 ) ,RES(K2) ,WVAL(K3) ,RES(K3) 
WRITE(2,37)WVAL(K1) ,RES(K1 ) ,WVAL(K2) ,RES(K2) ,WVAL(K3) ,RES(K3)
31 FORMAT ( , 1 ' , 2 9 X , , A =  ' , F 6 . 2 )
32 FORMAT ( 'O ’ , 3 X ,3 (  'W  ,5X , 'K (N )/SC O ) ’ ,9 X ))
33 FORMAT ( ' 0 ’ , 3 ( 0 P F 6 .2 ,2 X ,1 P E 9 .3 ,6 X ) )
37 FORMAT ( ,V , , 3 X ,3 ( 0 P F 6 .2 ,2 X ,1 P E 9 .3 ,6 X ) )
22 CONTINUE 
STOP 
END
FUNCTION FUNCT(A,WVAL)
DOUBLE PRECISION SINX(501 ) ,C 0 S X (5 0 1 ) , F ( 5 0 1 ) ,B ,C ,D ,X
DO 1 K=1 ,501
H=3 . 14 1 5926536D-3
X=H*(K-1)
c o s x ( k )= d c o s ( x )
s i n x ( k )= d s i n ( x )
tanx= s i n x ( k ) / c o s ( k )
D = ( 2 .7182818284-59**(-TANX*TANX))/(COSX(K)*COSX(K)) 
B=A*A+(WVAL-TAT'I) * (WVAL-TANX) 
C=A*A+(WVAL+TANX)*(WVAL+TANX)
1 F(K)=D/B+D/C 
R 1 = F (1 )+ F (5 0 1 )
R 2 = 0 .0
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15 DO 2 L=2,50 0 ,2
16 2 R2=R2+F(L)
1? R3--0.0
18 DO 3 L = 3 ,4 9 9 52
19 3 R3=R3+F(L)
20 FUNCT=H/3• 0 * (R1+4*R2+2*R3)
21 RETURN
22 END
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Reference Tables
Faddeyeva, V.N., and Terentev, N.M.
’’Tables of the Probability Integral for Complex Argument" Pergamon Press 1961. 
The Voigt profiles are obtained by making the substitutions
y = t
W = X
a = y
and using the real part of the integral.
The tables provide the function to six significant figures, over the 
following ranges 2 
Table 1 . w = 0(0.02)3.0 
a = 0(0.02)3.0
Table 2. w = 3*0(0.1)5*0 a = 0.0(0.1)3*0
w = 0.0(0.1)3.0 a = 3.0(0.1)5.0
Finn, G-.D., and Mugglestone, D., Monthly Notices of the Royal Astronomical 
Society, 129, 221 (1965).
The table gives values of the Voigt function to six significant figures for 
the range:
w = 0(0.25)6(0.50)10(1.0)22 
a = 0(0.01)0.20(0.04)0.5(0.05)0.70(0.10)1.00
Hummer, D.&., Memoirs of the Royal Astronomical Society, 70 Part 1 (19^5)• 
The table provides values of the Voigt function to eight significant figures 
for the range:
w = 0(0.05)5(0.1)10 
a = 0(0.025)0.5
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National Bureau of Standards, U.S. Department of Commerce - 
"Handbook of Mathematical Functions".
On page 3 »2 of this publication integral 7.4.13 is given as
” y exP(-rll = n Ew(x+iy)
(x-t)+y2
and on page 325 the "w" values of the above are tabulated under the heading 
"Error function for a complex argument".
If the substitutions
w = x 
a = y
are applied to this table, then Voigt profiles are obtained from the real 
part, for the range
w = 0(0.1)3.9 
a = 0(0.1)3-0
A ~ . o o
w KN/ KO W KN/ KC W KN/ KO
0 . 0 1 . 0 0 0 F - O 0 0 . ^ 5 • 6  o 8 p - 0  1 1 . 2Q 1 . 0 5 4 p - 0 1
0 . ^ 5 o . °  7 5 5 - 0  1 0 . 8 0 5 . 2  7 3 F - 0 1 1 . 5 5 9 , 0 4 Q F - 0 2
0 . 1 0 °  • ° 0 0 F - 0 1 0 . P c 4 . 8 p 5 F - m 1 . 6 0 7 . 7 2 OF- Q2
0 . 1 5 0 . 7 7 7 P- 0 1 0 . QO 4 . 4 4 8 E - 0 1 1 . 6 5 5 . 5 7 1 c - 0 2
0 . 2  0 O . 6 0 8 E - 0 1 0 . o c 4 . 0 2 5 P - O - , 1 . 7 0 5 . 5 5 8 P — 02
0 . 2  5 9 . 3 9 4 E - 0 1 1 .0 0 3 . 6 7 9 E - 0 1 1 . 7 5 4 . 6 7 7 5 - 0 2
o . 20 9 . 1 2 QF - 0 1 1 . 0 5 'x . ? ? p p _ n ] 1 . 8 0 3 . 9 ] 6  F - 0  2
0 . 3 5 8 • 8 4 7 E - 0 1 1 .1 0 2 . 9 8 2 E - 0 1 1 . 8 5 3 . 2 6 3 F - 0 2
n . 4 0 8 . 5 2  I E - 01 1 . 1 5 2 . 6 6 5 E - 0 1 1 . 9 0 2 . 7 O 5 r - 0 2
0 . 4 5 8 . 1 6 7 E - 0 1 1 .2 0 2 . 3 6 9 E - 0 1 ] . 9 5 2 . 2 3 1 E - 0 2
0 . 5 0 7 . 7 8 8 F - 0 1 1 . 2 5 2 . 0 9 6 E - 0 1 2 .0 0 1 . 8 3 2 p - 0 2
0 . 5 5 7 . 3 8 9 E - 0 1 1 . 3 0 1 . 8 4 5 E - 0 1 2 . 2 5 6 . 2 3 0 F - 0 3
°  • 6 0 6 . 9 7 7 E - C 1 1 . 3 C 1 . 6 1 6 E - 0 1 2 . 5 0 1 . 9 3 0 F - 0 3
0 . 6 5 6 . 5 5 4 E - 0 1 1 . 4 0 1 . 4 O 8 E - 0 1 2 . 7 5 5 . 1 Q 6 F - 0 4
0 • 70 6 . 1 2 6 E - 0 1 1 . 4 5 1 . 2 2 1 E - 0 1
A ° . o i
W KN/ KO W KN/ KO W KN/ KO
0 . 0 9 . 8 8 8 E - 0 1 0 . 7 5 5 . 6 7 3 F - 0 1 1 . 5 0 1 . 0 8 6 5 - 0 1
0 . 0 5 9 • 8 6 4 E - 0 1 0 . 8 0 5 . 2 5 6 E - 0 1 1 . 5 5 ° • 3 6 6 5 - 0 2
0 . 1 0 o . 7 9 1 E - 0 1 0 . 8  c 4 . 84 6 F - 0 1 1 . 4 0 P.  0 4 3 5 - 0 2
0 . 1 5 9 . 6 7 1 E - 0 1 0 . 9 0 4 . 4 4  5 F - 0 1 1 . 6 5 6 . 8 7 7 5 - 0 2
0 . 2 0 9 . 5 0 5 E - 0 1 0 . 9 5 4 • O2 RE- 0 1 1 . 7 0 5 . 8 5 6 F - 0 2
0 . 2 5 9 • 2 9 6 E - 0 1 1 . 0 0 7 . 6 F 7 F - 0 1 1 . 7 5 4 . 9 6 6 5 - 0 2
0 . 3 0 9 . 0 4 6 E - 0 1 1 . 0 2 3 . 3 3 3 5 - 0 1 1 . 8 0 4 . 1 0 5 5 - 0 2
0 . 3 5 8 . 7 6 0 E - 0 1 1 . 1 0 2 . 9 9 9 E - 0 1 1 . 8 5 3 . 5 3 0 F - 0 2
0 . 4 0 8 . 4 4 2 E - 0 1 1 . 1 5 2 . 6 8 6 E - 0 1 1 . 9 0 2 . 9 6 0 F - 0 2
0 . 4 5 8 . 0 9 5 F - 0 1 1 . 2 0 2 • 3 9 3 E - 0 1 1 . 9 5 7 . 4 7 4 5 - 0 2
0 . 5 0 2 . 7 2 3 5 - 0 1 1 . 3 5 2 . 1 2 2 5 - 0 1 2 . 0 0 2 . 0 6 2 5 - 0 2
0 . 5 5 7 . 3 3 3 E - 0 1 1 . 3 0 1 . 8 7 4 E - 0 1 2 . 2 5 8 . 0 6 7 5 - 0 3
0 . 6 0 6 . 9 2 8 E - 0 1 1 . 3 5 1 . 6 4 6 E - 0 1 2 . 5 0 3 . 2 3 1 5 - 0 3
^ • 6 5 6 . 5 1 4 E - 0 1 1 . 4 0 1 • 4 4 0 5 - 0 1 2 . 7 5 1 . 5 1 4 5 - 0 3
0 . 7 0 6 • 0 9 4 5 - 0 1 1 . 4  2 1 . 2 5 3 5 - n ] 2 . 0 0 0 . n p p c - 0 4
w K N / K O W K N / K O W K N / K O
0 . 0 9 . 7 7 8 E - 0 1 0 . 8 0 5 . 2 3 9 E - 0 1 1 . 6 0 ft . 3 4 Q | r - 0 2
o • o U1 9 . 7 5 4 E - 0 1 0 . 8 ^ 4 . 8 7 5 E - 0 1 1 . 6 5 7 . 1 7 R F - 0 2
n .  i o ° • 6  8 3 E - 0 1 0 . 9 0 4 . 4 4 1 E -  ~ 1 1 . 7 0 a . i 4 0 F —0 2
0 . 1 5 9 . 5 6 5 E - 0 1 0 . 9 C 4 • 0 6 0 E -  0 1 1 . 7 5 5 . 2 5 O F - 02
n .  2 0 9 • 4 0  3 F - 0 1 1 .  0 9 7 , 5 o ^ F - 9 l 1 . 8 0 4 . 4 6 8 F - 0 2
0 .  2 5 9 . 1 9 9 E - 0 1 1 . 0 5 3 • 3 4 6 E - 0 1 1 . 8 5 7 . 7 9 3 F - 0 2
o .  7 0 8 • 9  5 5 E - 0 ] 1 . 1 9 7 . 0 1 6 F - 9 1 1 . 9 0 3 . 2 1 1 F - 0 2
0 . 3 5 8 • 6 7 5 E - 0 1 1 . 1 5 2 . 7 0 6 E - 0 1 1 . 9 5 2 . 7 1 4 F - 0 2
0 . 4 0 8 . 3 6 3 E - 0 1 1 . 2 0 2 . 4 1 7 F - 0 1 2 . 0 0 2 . 2 9 0 F - 0 2
0 . 4 5 8 . 0 2 3 E - 0 1 1 . 2 9 2 . 1 4 8 E - 0 1 2 . 2 5 9 . 7 9 3 E - 0 3
0 . 5 0 7 • 6 6 0 E -  0 1 1 . 3 0 1 .  9 0 l 5 - 0 1 2 . 5 0 4 . 5 2 6 F - 0 3
0 . 5 5 7 . 2 7 7 E - 0 1 1 . 3 5 1 . 6 7 5 E - 0 1 2 . 7 5 2 . 5 0 6 F - 0 3
n . 6 0 6 . P 8 0 E - 0 1 1 . 4 0 1 . 4 7 OF—01 1 , 0 0 1 . 6 ° 4 C _ 03
0 . 6 5 6 . 4 7 4 E - 0 1 1 .  4 c 1 . 2 8 4 E - 0 1 3 . 2  9 1 . 3 0 5 9 - 0 3
0 . 7 0 6 . 0 6 2 F - 0 1 1 . 9 0 1 . 1 1 7 F —01 7 , 1 0 1 . O 7 7 r - n o
0 . 7 5 5 . 6 4 9 E - 0 1 1 . 5 5 9 . 6 7 5 E - 0 2 3 . 7 5 9 . 1 0 0 E - 0 4
A 0 . 0 7
W K N / K O W K N / K O W K N / K O
0 . 0 9 . 6 7 0 E - 0 1 0 . 8 9 4 . 8 2 4 E - 0 1 1 . 7 0 6 . 4 3 7 F - 0 2
0 . 0 5 9 . 6 4 7 E - 0 1 0 . 9 9 4 . 4 3 7 E - 0 1 1 . 7 5 3 . 5 2 9 E - 0 2
0 . 1 0 9 . 5 7 7 E - 0 1 0 . 9 5 4 . O 6 2 E - 0 1 1 . 8 0 4 . 7 7 R P - 0 2
0 . 1 9 9 . 4 6 2 E - 0 1 1 . 0 0 3 . 7 0 1 f - 0 1 1 . 8 5 4 . 0 5 7 F - 0 2
0 . 2 0 9 . 7 0 3 E - 0 1 1 . 0 9 7 . 7 F 7 F - 01 1 . 9 0 7 . 4 6 O F - 0 2
0 . 2 5 9 . 1 0 3 E - 0 1 1 . 1 0 3 . 0 7 2 E - 0 1 1 . 9 5 2 . 9 5 1 F - 0 2
0 . 3 0 8 . 8 6 5 E - 0 1 1 . 1 9 2 . 7 2 5 F - 0 1 2 . 0 0 2 . 5 1 5 F - 0 2
0 . 3 5 8 • 5 9 1 E - 0 1 ] . 2 0 2 . 4 3 9 E - 0 1 2 . 2 5 1 . 1 5 1 E - 0 2
0 . 4 0 8 . 2 8 5 E - 0 1 1 . 2 9 2 • 1 7 3 E - 0 1 2 . 5 0 5 . 8 1 7  F - 0  3
0 . 4 5 7 . 9 5 3 E - 0 1 1 . 3 0 1 . 9 2 8 E - 0 1 2 . 7 5 3 . 4 O 7 F - 0 3
0 . 5 0 7 . 5 9 6 E - 0 1 1 . 3 9 1 • 7 9 4 P - 0 1 3 . 0 0 2 . 4 7 8 F - 0 3
0 . 5 5 7 . 2 2 2 E - 0 1 1 . 4 0 1 . 4 9 9 E - 0 1 3 . 2 5 1 . 9 4 5 E - 0 3
0 . 6 0 6 . 8 3 3 E - 0 1 1 . 4 K 1 . 7 1 4 E - 0 1 3 . 5 0 1 . 6 O 7 F - 0 3
0 . 6 5 6 . 4 3 4 E - 0 1 1 . 5 0 1 . 1 4  7 E -  01 3 . 7  5 1 . 3 6 4 E - 0 3
0 . 7 0 6 . 0 3 O F - 0 1 1 . 9 9 9 . 9 7 8 F - 0 2 4 . 0 0 i . 1 7 f t P - 0 3
0 . 7 5 5 . 6 2 4 E - 0 1 1 . 6 0 8 . 6 4 8 E - 0 2 4 . 7 5 1 . 0 7 8 F - 0 3000.c 5 . 2 2 1 E - 0 1 1 . 6 9 7 . 4 7 3 E - 0 2 4 . 5 0 9 . 0 7 1 E - 0 4
A 0 . 0 4
w KN/ KO W K N / K O W KN/ KO
6 . 0 ° . 3 6 4 ^ - 0 1 6 . 9 0 4 . 4 3 2 ^ - 0 1 1 . 3 0 6 . O O R r - 0 7
0 . 0  5 9 . 5 4 1 E - 0 1 9 . 9 3 4 . 0 6 3 6 - 0 1 1 . 3 5 4 . 3 0 7 6 - 0 2
0 . 1  0 Q . 4 7 5 E - 0 1 ] . 0 0 *2. 7 O 7 F - 0 1 1 . 9 0 3 . 7 0 4 6 —02
0 . 1 5 9 . 3 6 0 E - 01 1 . 0 6 3 . 3 6 8 6 - 0 1 1 . 9 6 3 . 1 8 6 ^ - 0 2
o . 2 0 9 • 2 0 5 E - 0 1 1 . 1 0 3 . 0 4 7 F - 0 1 2 . 0 0 7 . 7 3 8 3 - 0 2
0 . 2 5 9 . 0 0 9 E - 0 1 1 . 1 5 2 . 7 4 4 E - 0 1 2 . 3 5 1 . 3 2 1 6 - 0 2
0 . 5 0 8 . 7 7 6 E - 0 1 1 . 2 0 2 . 4 6 1 E - 0 1 2 . 5 0 7 . 1 0 7 6 - 0 3
0 . 5 5 8 . 5 0 8 E - 0 1 1 . 2 6 2 . 1 0 7 6 - 0 1 2 . 7 5 4 . 4 8 O F - 0 3
0 . 4 0 8 • 2 0 9 E - 0 1 1 . 3 0 1 . 0 6 4 6 - 0 1 3 . 0 0 3 . 2 6 1 6 - 0 3
°  • 4 5 7 . 8 8 3 E - 0 1 1 • 3 c 1 • 7 Q 1 E - 0 1 3 . 2 6 7 . RRRF- 03
0 . 5 0 7 . 5 3 4 E - 0 1 1 . 4 0 1 • 5 2 8 6 - 0 } 3 . 5 0 2 . 1 4 1 6 - 0 3
0 . 5 5 7 . 1 6 7 E - 0 1 1 . 4  5 1 . 3 4 3 E - 0 1 3 . 7 5 1 . 8 1 0 6 - 0 3
o . 6 ° 6 • 7 8 6 E -  01 1 . 6 0 1 . 1 7 7 6 —01 4 . 0 0 i . 5 7 0 £ - 0 3
0 . 6 5 6 . 3 9 4 E - 0 1 1 . 5 5 1 . 0 2 7 E - 0 1 4 . 7 5 1 . 3 7 1 6 - 0 3
0 . 7 0 5 . 9 9 8 E - 0 1 1 . 6 0 8 . 9 4  3 E - 0 2 4 . 5 0 1 . 2 0 9 6 - 0 3
0 . 7 5 5 . 5 9 9 E - 0 1 1 . 6  5 7 . 7 6 2 6 - 0 2 4 . 7 5 1 . 0 7 5 6 - 0 3
0 .  R0 5 . 2 0 3 F - 0 1 1 . 7 0 6 . 7 0 0 6 - 0 2 6 . 0 0 0 • 6 3 1 6 - 0 4
0 . 8  5 4 . 8 1 3 E - 0 1 1 . 7 5 5 . 8 0 4 6 - 0 2 5 . 2 6 8 . 6 7 9 E - 0 4
A 0 . 0 5
W KN/KO W KN/KO W KN/ KO
0 . 0 9 . 4 6 0 6 - 6 1 0 . 9  3 4 . 6 f , 3 r - ^ l 1 . 9 6 3 . 9 4 6 3 - 0 2
0 . 0 5 9 . 4 3 7 6 - 0 1 1 . 0 0 3 . 7 1 3 6 - 0 1 1 . 9 5 3 . 4 1 5 c - 0 2
0 . 1 0 Q . 3 7 1 E —01 1 . Or 7 , ^ 8 C- C  1 2 . 6 6 7 . 9 5 8 c - 0 2
0 . 1 5 9 . 2 6 1 6 - 0 1 1 . 1 0 3 . 0 6 1 6 - 0 1 2 . 2 3 1 . 4 9 0 6 - 0 2
0 . 2 0 9 . 1 0 9 6 - 0 1 1 . 1 5 2 . 7 6 2 6 - 0 1 2 . 5 0 8 . 3 8 3 6 - 0 3
0 . 2 5 8 . 9 1 7 6 - 0 1 1 . 2 0 3 . 4 8 1 6 - 0 1 2 . 7 5 3 . 4 7 4 6 - 0 3
0 . 3 0 8 . 6 8 9 E - 0 1 1 . 2  5 2 . 2 2 1 6 - 0 1 3 . 0 0 4 . 0 4 4 6 - 0 3
0 . 3 5 8 . 4 2 6 6 - 0 1 1 . 3  0 1 . 9 0 6 ^ - 6 1 3 . 2 5 3 . 2 2 3 6 - 0 3
0.0 8 . 1 3 4 6 - 0 1 1 . 3 5 1 . 7 R 8 6 - 0 1 3 . 5 0 2 . 6 7 5 6 - 0 3
6 . 4 5 7 . 8 1 4 E - 0 1 1 . 4 6 1 . 5 5 6 6 - 0 1 3 . 7 5 2 . 2 7 3 3 - 0 3
0 . 5 0 7 . 4 7 3 E - 0 1 1 .  4 5 1 . 3 7 2 6 - 0 1 4 . 0 0 1 . 9 6 2 3 - 0 3
0 . 5  5 7 . 1 1  3 E - 0 1 1 . 5 0 1 . 2 6 6 6 - 0 1 4 . 2 5 1 . 7 1 4 3 - 0 3
0 . 6 0 6 . 7 3 9 6 - 0 1 1 . 5 5 1 . 0 5 6 E - 0 1 4 . 5 0 1 . 5 1 2 6 - 0 3
0 . 6 5 6 . 3 5 5 6 - 0 1 - 1 . 6 0 9 . 2 3 1 6 - 0 2 4 . 7 5 1 . 3 4 4 3 - 0 3
0 . 7 0 5 . 9 6 6 E - 0 1 1 . 6 5 8 • 0 4 6 E - 0 2 5 . 0 0 1 . 2 0 4 6 - 0 3
0 . 7 5 5 . 5 7 5 6 - 0 1 1 . 7 0 6 . 9 9 7 6 - 0 2 5 . 7  R 1 . 0 8 3 3 - 0 3
0 . 8 0 5 . 1 8 6 6 - 0 1 1 . 7 5 6 • 6 7 4 6 - 0 2 3 . 3 0 9 . 8 3 0 6 - 0 4
0 . 8 5 4 . 8 0 2 6 - 0 1 1 . 8 0 3 . 2 6 5 E - 0 2 5 . 7 5 8 . 9 5 1 6 - 0 4
0 . 9 0 4 . 4 2 7 6 - 0 1 1 .PR 4 . 5 3 9 6 - 0 2 6 . 0 0 0 . 0
w K N / K O W K N /  K 0 W K N /  K 0
n n 9 . 3 5 7 F - 0 1 1 . 0 0 3 . 7 1 8 5 - 0 1 7 . 0 0 3 . 1 7 6 5 - 0 2
0 . 0 5 9 . 3 3 5 E - 0 1 1 . 0 C 3 . 7 P 8 E - 0 1 2 . 7 4 1 . 6 5 7 9 - 0 2
0 . 1 0 o .  2 7 0 F - 0 1 1 . 1 0 3 . 0 7 4 5 - 0 1 2 . 5 0 9 . 6 5 7 P - 0 3
0 . 1 5 9 . 1 6 2 E - 0 1 1 . 1 5 2 . 7 7 9 E - 0 1 2 . 7 5 6 . 4 5 8 E - 0 3
0 . 2 0 9 . O l 4 E - 0 1 1 . 2 0 2 . 5 ^ 1 r _ o 1 7 . 0 0 4 . 8 7 6 5 - 0 7
0 . 2 5 8 . 8 2 6 E - 0 1 1 . 2 5 2 . 2 4 3 E - 0 1 3 . 2  5 3 . 8 6 1 F - 0 3
9 . 7 n 8 . 6 0 3 E - 0 ] 1 , 3 0 2 . 0 O 4 8 - 0 1 7 . 5 0 7 . 7  n 0 F — 0 7
0 . 5 5 8 • 3 4 6 E - 0 1 1 . 3 0 1 . 7 8 4 E - 0 1 7 . 7 4 7 . 7 7 7 F - 0 3
% 4 0 8 . 0 5 9 E - 0 1 1 . 4 0 1 . 5 8 3 E - 0 1 4 . 0 0 7 . 7 5 4 9 - 0 3
0 . 4 5 7 . 7 4 6 E - 0 1 1 . 4  5 1 . 4 0 0 E - 0 1 4 . 7 5 7 . 0 5 4 9 - 0 3
0 . 5 0 7 . 4 1 2 0 - 0 1 1 . 5 0 1 . 2 2 4 9 - 0 1 4 . 5 0 1 . 8 1 4 9 - 0 3
0 . 5 5 7 . 0 5 9 E - 0 1 1 . 5 0 1 . 0 8 5 F - 0 1 4 . 7 5 1 . 6 1 3 F - 0 3
0 . 4  5 6 . 6 9 2 E - 0 1 1 . 6 0 9 . 5 1 3  E - 0  2 5 . 0 0 1 . 4 4 5 F - 0 3
0 . 6 5 6 . 3 1 6 E - 0 1 1 . 6 5 8 . 3 2 4 E - 0 2 5 . 2 5 1 . 3 0 2 E - 0 3
0 . 7 0 5 . 9 3 4 F - 0 1 1 . 7 " 7 . 2 7 0 5 - 0 2 5 . 5 0 1 . 1 8  o c - 0 3
0 . 7 5 5 . 5 5 0 E - 0 1 1 . 7 5 6 . 3 3 9 E - 0 2 5 . 7 5 1 . 0 7 4 F - 0 3
0 . 8 0 5 . 1 6 7 E - 0 1 1 . 8  0 5 . 5 2 7 5 - 0 2 6 . 0 0 9 . 8 7 4 5 - 0 4
0 . 8 5 4 . 7 9 0 E - 0 1 1 . 8 5 4 . 8  0 7 E 0 2 6 . 2  5 9 . 0 2 1 5 - 0 4
0 . 0 0 4 . 4 2 1 E - 0 1 1 . 9Q 4 . 1 8 4 E - 0 2 6 . 5 0 9 . 0
9 . 9 5 4 . 0 6 ^ E - 0 1 1 . 9 * 3 . 6 4 7 E  —07 6 . 7 4 O . o
A 0 . 0  7
w K N / K O W KN/ KO W K N / K O
0 . 0 9 . 2 5 6 E - 0 1 1 . 0 9 7 . 7 7 ? 9 —o i 2 . 0 0 3 . 3 9 1 F —0 ?
0 . 0 5 9 . 2 3 5 E - 0 1 1 . 0 5 3 . 3 9 7 E - 0 1 2 . 2 5 1 . 8 2 4 F - 0 2
0 . 1 0 9 . 1 7 1 E - 0 1 l . i o 3 . 9P 7 5 - 0 \ 2 . 5 0 I . OO 3 F —07
0 . 1 5 9 . 0 6 6 F - 0 1 1 . 1 5 7 . 7  9 5 E - 0 1 7 . 7 4 7 . 4 4 0 F - 0 3
0 . 2  0 8 . 9 7 0 F - 0 1 1 . 7 0 7 . 5 7 0 F - 0 1 7 . 0 0 5 . 6 9 7 9 - 0 3
0 . 2 5 8 . 7 3 7 E - 0 1 1 . 2 5 2 . 2 6 5 E - 0 1 3 . 2 5 4 . 4 9 9 E - 0 3
0 . 3 0 8 . 5 1 8  E - 0 1 1 . 3 0 2 . 0 7 8 9 - 0 1 3 . 5 0 7 . 7 4 2 5 - 0 3
0 . 3 5 8 . 2 6 7 F - 0 1 1 . 3 5 1 . 8 0 9 5 - 0 1 3 . 7 5 3 . 1 8 1 5 - 0 3
0 . 4 0 7 . 9 8 6 E - 0 1 1 . 4 0 1 . 6 0 9 E - 0 1 4 . 0 0 7 . 7 4 6 5 - 0 3
0 . 4  5 7 . 6 8 0 E - 0 1 1 . 4  5 1 . 4 7 7 9 - 0 1 4 . 7 5 2 . 7 0 9 5 - 0 3
O . 5 0 7 . 3 5 2 F - 0 1 1 . 5 0 1 . 2 6 2 9 - 0 1 4 . 5  0 2 . 1 1 6 5 - 0 3
0 . 5 5 7 . 0 Ö 6 F - 0 1 1 . 5 5 1 . 1 1 3 F - 0 1 4 . 7 5 1 . 8 8 2 5 - 0 3
0 . 6 0 6 . 6 4 6 E - 0 1 1 . 6 0 9 . 7 QOF - 0 7 4 .  On 1 . 6 8 5 5 - 0 3
0 . 6 5 6 . 2 7 7 E - 0 1 1 . 6 5 8 . 5 9 7 E - 0 2 5 . 2 5 1 . 5 1 9 F - 0 3
0 . 7 0 5 . 9 0 2 E - O 1 1 . 7 0 7 . 5 3 7 F - 0 7 5 . 5 0 1 . 3 7 6 9 - 0 3
0 . 7 5 5 . 5 2  5 E - 0 1 1 . 7 5 6 . 6 n 0 5 - 0 2 5 . 7 5 1 . 2 5 3 5 - 0 3
0 . 8 0 5 . 1 4 9 E - 0 1 1 . 8 0 5 . 7 7 5 E - 0 2 6 . 0 0 1 . 1 4 6 F - 0 3
0 . 8 5 4 . 7 7 8 E - 0 1 1 . 8 5 5 . 0  5 I E - 0 2 6 . 2 5 1 . 0 5 7 5 - 0 3
0 . 9 0 4 . 4 1 5 E - 0 1 1 . 9 0 4 . 4 1 9 E - 0 2 6 . 5 0 9 . 6 9 9 5 - 0 4
0 . 9 5 4 . 0 6 2 E - 0 1 1 . 9 5 3 . 8 6 8 E - 0 2 6 . 7 5 8 . 9 6 9 F - 0 4
A 0 . n 8
w K N / K O W K N / K O W K N / K O
0 . 0 9 . 1 5 7 0 - 0 1 1 . 0 0 7 . 4 O 5 E - 0 1 2 . 5 0 1 . 2 1 0 0 - 0 2
0 . 4 5 0 . 1 3 6 F - 0 1 1 . 1 0 ^ o o q r . ' i ] 2 . 7 5 8 , 4 7  o r  — 07
0 . 1 0 9 . 0 7 4 E - 0 1 l . i o 2 . 8 1 O E - O l 1 , 0 0 6 . 3 8  7 F - 0 3
0 . 1 5 8 . 9 7 1 E - 0 1 1 . 2 0 2 . 0 3 9 E - 0 1 3 . 2 0 5 . 1 3 6 F - 0 3
0 . 2 0 8 . 8 2 9 E - 0 1 1 . 2 5 2 . 2 8 6 E - 0 1 7 . 5 0 4 . 2 7 5 F - 0 3
0 . 2 5 8 . 6 4 9 E - 0 1 1 . 7 0 2 . 0 5 1 E - 0 1 3 . 7 5 3 . 6 3 5 F - 0 3
0 . 3 0 8 . 4 3 5 E - 0 1 1 . 3 0 1 . 3 0 4 0 - O I 4 . 0 0 7 . 1 7 8 4 - 0 3
0 . 3 5 8 . 1 8 9 E - 0 1 1 . 4 0 1 . 6 7 0 F - 0 1 4 . 2 5 2 . 7 4 1 F - 0 3
0 . 4 0 7 . 9 1 4 E - 0 1 1 . 4 5 1 . 4 5 3 E - 0 1 4 . 5 0 2 . 4 1 8 r - 0 3
0 . 4  5 7 . 6 1 4 E - 0 1 1 . 5 0 1 . 2 8 8 E - 0 1 4 . 7 5 2 . 1 5 0 F - 0 3
0 . 5 0 7 . 2 9 2 E - 0 1 l . o o 1 . 1 4 0 E - 0 1 5 . 0 0 1 . 9 7 6 F - 0 3
0 . 5 5 6 . 9 5 3 E - 0 1 1 . 6 0 1 • O O 6 E - 0 1 5 . 7  5 1 . 7 7 6 F - 0 3
o . 6 0 6 . 6 0 1 o —Ol 1 . 6 o 8 . 3 5 4 0 - ^ 7 0 . 0 0 1 . 5 7 3 0 - 0 7
0 . 6 5 6 . 2 7  8 E - 0 1 1 . 7 0 7 .  8 n OE -  0 2 5 . 7 4 1 , 4 7 ? F —07
0 . 7 0 5 . 8 7 0 F - 0 1 1 . 7 0 6 . 8  0 7 E - Q 2 6 . 0 0 l , 0 1 n r - 0 1
0 . 7 * o . o O O F - O i 1 . 8 0 4 . 0 7 4 c - 0 2 6 . 7 4 1 .  2 0 7 F — 0 3
0 . 8 0 5 . 1 3 1 E - 0 1 1 . 8 5 5 . 2 O 2 E - 0 2 6 . 5 0 1 . 1 O 8 F - 0 3
0 . 8 5 4 . 7 6 6 E - 0 1 1 . 9 0 4 . 6 0 0 E - 0 2 6 . 7 4 1 . 0 7 7 4 - 0 7
0 . 9 0 4 . 4 0 9 F - 0 ! 1 • 9 c 4 . 0 OOF — 02 7 . 0 0 0 . 4 0 7 4 - 0 4
0 . °  5 4 • 0 6 1  E - 0 1 2 . 0 0 Q . 6 ^ 7 r - n p 7 . 7  F 8 . 8 4 7 4 - 0 4
1 . 0 0 3 . 7 2 6 E - 0 1 2 . 2 0 1 . O 8 9 E - 0 2 7 . 5 0 o . O
A ^ , 0 0
W K N / K O V! K N / K O W K N / K O
0 . 0 Q . 0 6 O F - 01 1 , 1 0 Q . 1 ■> 1 E - 0 1 7 . 0 0 7 . 1 6 5 4 - 0 7
0 . 0  5 9 . 0 3 9 E - 0 1 1 . 1 5 2 . 8 7 5 E - 0 1 3 . 2 5 f . 7 7 3 F - 0 3
0 . 1 0 8 . 9 7 8 E - 0 1 1 . 2 0 2 . F 5 7 F - 0 1 7 . 4 0 4 . 8 O 7 F - 0 7
0 . 1 5 8 . 8 7 7 F - 0 1 1 . 2  F 2 . 3 O 6 E - 0 1 0 . 7 5 4 . 0 8 9 4 —QtcC\J.0 8 . 7 7 8 E - 0 1 I . 3 7 2 . 0 7 3 4 - 0 1 4 . 0 0 3 . 5 7 0 4 - 0 3
0 . 2 5 8 . 5 6 3 E - 0 1 1 . 3 5 1 . 8 5 8 F - 0 1 4 . 2 5 3 . 0 8 4 4 - 0 3
0 . 3 0 8 . 3 5 3 F - 0 1 1 . 4  0 1 . 6 6 0 F - 0 1 4 . 5 0 7 . 7 7 0 4 - 0 7
0 . 3 5 8 . 1 1 2  E - 0 1 1 . 4 5 1 . 4 7 9 E - 0 1 4 . 7 4 2 . 4 1 9  F — 0 3
0 . 4 0 7 . 8 4 2 E - 0 1 1 . 5 0 1 . 3 1 5 E - 0 1 5 . 0 0 2 . 1 6 6 4 - 0 3
0 . 4 5 7 . 5 4 9 E - 0 1 1 . 5 5 1 . 1 6 6 E - 0 1 5 . 2 5 1 . 9 5 2 E - 0 3
0 . 5 0 7 . 2 3 4 E - 0 1 1 . 6 0 1 . O 7 2 F - 0 1 4 . 4 0 1 . 7  6 0 F — Q 7
0 . 5 5 6 . 9 0 1 E - 0 1 1 • 6 c 9 . 1 2 7 E - 0 2 5 . 7 5 1 . 6 1 1 F - 0 3
0 . 6 0 6 . 5 5 6 F - 0 1 1 . 7 0 8 . O F 8 E - 0 2 6 . 0 0 1 . 4 7 7 F - 0 3
0 . 6 5 6 *  2 0  0 E - 0 1 1 . 7 F 7 . 1 0 Q E - 0 2 6 • 2 f 1 . 7 4 7 4  03
0 . 7 0 5 . 8 3 9 E - 0 1 1 . 8 0 6 . 7 4 0 4 - 0 2 6 . 5 0 1 . 7 4 7 4 - 0 7
0 . 7 5 5 . 4 7 5 E - 0 1 1 . 8  5 5 . 5 2 9 E - 0 2 6 . 7 5 1 . 1 5 3 F - 0 3
0 . 8  0 5 . 1 1 2 4 - 0 1 1 . 0 0 4 # p 7 Q 4 - 0 7 7 . o n 1 .  0 * 7 0 4 - 0 7
0 . 8 5 4 . 7 5 3 E - 0 1 1 . 9 5 4 . 3 1 0 E - 0 2 7 . 2 5 9 . 9 4 8 F - 0 4
0 . 9 0 4 . 4 0 2 E - 0 1 2 • n 0 3 . 8 1 3 E - 0 2 7 . 5 0 9 . 2 7 8 F - 0 4
0 . 9 5 4 . 0 5 9 E - 0 1 2 . 2 5 2 . 15 3 E - 0 2 7 . 7 5 8 . 6 7 3 E - 0 4
1 . 0 0 3 . 7 2 9 E - 0 1 2 . 5 0 1 . 7 4 F 4 - 0 2 8 . 0 0 n . o
1 . 0 5 3 . 4 1 2 E - 0 1 2 . 7 s 9 . 3 O 7 E - 0 3 8 . 2  5 8 . 0
w k n / k o W KN/ KO W KN/ KO
o•c 8 . 9 6 4 E - 0 1 1 . 1 0 3 . 1 2 1 E - 0 1 3 . 0 0 7 . 9 4 2 0 - 0 3
n .  ns 8 . 9 4 4 E - 0 1 1 . 1 5 2 . R O 9 E - 0 1 3 . 2  5 6 . 4 0 9 0 - 0 3
n .  i n 8 . 8 8 4 F - 0 1 1 . 2 0 2 . 5 3 4 0 - O I 3 . 5 0 5 . 3 4 0 F - 0 3
0 . 1 5 8 . 7 8 6 E - 0 1 1 . 2 3 2 . 3 2  5 0 - 0 1 3 . 7 5 4 . 5 4 2 0 - 0 3
0 . 2 0 8 . 6 4 9 F - 0 1 1 . on ? . ^ 9 4 0 - n i 4 . 0 0 n . 9 2  2 0 - 0 3
0 . 2 5 8 . 4 7 7 E - 0 1 1 . 3 5 1 . 8 8 1 E - 0 1 4 . 2 5 3 . 4 2 6 E - 0 3
0 . 0 0 8 . 2 7 2 E - 0 1 1 . 4 0 1 . 6 3 4 0 - 0 1 4 . 3 0 3 . 0 2 2 F - 0 3
0 . 3 5 8 . 0 3 6 E - 0 1 1 . 4 3 1 . 5 0 4 0 - O I 4 . 7 3 2 . 6 8 7 0 - 0 3
0 . 4  0 7 . 7 7 3 E - 0 1 1 . 3 0 1 .  O O - n ] 3 . n o ? . 4 n - r r - 0 q
0 . 4 5 7 . 4 8 5 E - 0 1 1 . 5 5 1 . 1 9 2 E - 0 1 5 . 2 5 2 . 1 6 9 E - 0 3
0 . 3 0 7 . 1 7 6 E - 0 1 1 . 6 0 1 . 0 3 8 F - 0 1 5 . 3 0 1 . 0 6 6 0 - 0 3
0 . 5 5 6 . 8 5 0 E - 0 1 1 . 6 5 9 . 3  8 4 E - 0 2 3 . 7 5 1 . 7 9 0 F - 0 3
0 . 6 0 6 . 5 1 1 E - 0 1 1 . 7 0 8 . 3 1  I E - 0 2 6 . 0 0 1 . 6 3 7 F - 0 3
0 . 6  5 6 . 1 6 2 E - 0 1 1 . 7 5 7 . 3 5 6 E - 0 2 6 . 2 5 1 . 5 0 3 F - 0 3
0 . 7 0 5 • 8 0 7 E - 0 1 1 . 8 0 6 . 5 1 0 E - 0 2 6 . 5 0 1 . 3 8 5 0 - 0 3
0 . 7 5 5 . 4 5 0 E - 0 1 1 . 8  5 5 . 7 6  2 E - 0 2 6 . 7 5 1 . 2 8 1 F - 0 3
0 . 8  0 5 . 0 9 3 F - 0 1 1 . 9 0 3 . 1 0  4 0 - 0  2 7 . 0 0 1 • 1 8 8 F — 0 3
0 . 8 5 4 . 7 4 0 E - 0 1 1 . 9 5 4 • 5 2 6 E - 0 2 7 . 2 5 1 . 1 0 5 F - 0 3
0 . 9 0 4 . 3 9 4 F - 0 1 2 . 0 0 4 . 0 ? 0 F - n 2 7 . 5 0 1 . 0 3 1 F - 0 3
0 . 9 5 4 . 0 5 7 E - 0 1 2 . 2 3 2 . 3 1 5 E - 0 2 7 . 7 5 9 . 6 3 6 F - 0 4
1 . 0 0 3 . 7 3 2 E - 0 1 2 . 5 0 1 . 4 7 0 E - 0 2 8 . 0 0 0 . 0 2 9 0 - 0 4
1 . 0 5 3 . 4 1 9 E - 0 1 2 . 7 3 1 . 0 3 7 F - 0 2 8 . 2 5 R . 4 7 8 E - 0 4
A 0 . 2 0
W KN/ KO W KN/ KO W KN/ KO
0 . 0 8 . 0 9 0 F - 0 1 1 . 7 0 2 • 7 7 4 8 - 0 1 3 . 0 0 4 . 8 0 7 F - 0 3
0 . 0 5 8 . 0 7 4 F - 0 1 1 . 3  c 2 . O 7 6 F - 0 1 5 . 2 5 4 . 3 7 3 f - 0 3
0 . 1 0 8 . 0 2 6 E - 0 1 1 . 4 0 1 . 8 9 2 8 - 0 1 5 . 5 0 3 . 9 2 7 8 - 0 3
0 . 1 5 7 . 9 4 6 E - 0 1 1 . 4 5 1 . 7 2 2 E - 0 1 5 . 7 5 3 . 5 7 6 E - 0 3
0 . 2 0 7 . 8 3 5 E - 0 1 1 . 5 0 1 . 5 6 5 E - 0 1 6 . 0 0 3 . 2 7 1 F - 0 3
0 . 2 5 7 . 6 9 6 E - 0 1 1 . 5 3 1 . 4 2 1 E - 0 1 6 . 2 5 3 . 0 0 4 8 - 0 3
0 . 3 0 7 . 5 2 9 E - 0 1 1 . 6 0 1 . 2  8 9 E - 0 1 6 . 5 0 2 . 7 6 9 E - 0 3
0 . 3 5 7 . 3 3 7 E - 0 1 1 . 6 5 1 . 1  6 9 E - 0 1 6 . 7 5 2 • 3 6 0 E - 0 3
0 • 4 0 7 . 1 2 1 E- 0 1 1 . 7 0 1 . 0 5 Q F - 0 1 7 . O0 2 . 7 7 5 F - 0 3
0 . 4 5 6 . 8 8 6 E- 0 1 1 . 7 5 9 . 6 0 3 E - 0 2 7 . 2 3 2 . 2 0 9 E - 0 3
0 . 5 0 6 . 6 3 2 E - 0 1 1 . 8 0 8 . 7 0 9 8 - 0 2 7 . 5 0 7 . 0 6 n r ~03
0 . 5 5 6 . 3 6 4 E - 0 1 1 . 8 5 7 . 9 0 4 E - 0 2 7 . 7  5 1 . 9 2 6 F - 0 3
0 . 6  0 6 . C 8 3 E - 0 1 I . 9 0 7 . 1 8 1 E - 0 2 8 . 0 0 1 . 8 O 5 E - 0 3
0 . 6 5 6 . 7 9 3 E - 0 1 1 . 9 5 6 . 5 3 3 E - 0 2 8 . 2 3 1 . 6 9 5 E - 0 3
0 . 7 0 5 . 4 9 7 E - 0 1 2 . 0 0 5 . 9 5 3 8 - 0 2 8 . 6 0 1 . 5 O 4 (r- 0 3
0 . 7 5 5 . 1 9 8 E - 0 1 2 . 2 3 7 . 8 6 5 E - 0 2 8 . 7 5 1 . 5 0 3 E - 0 3
0 . 8 0 4 . 8 9 7 E - 0 1 2 . 6 0 2 . 6 8 4 E - 0 2 9 . 0 0 1 . 4 1 9 8 - 0 3
0 . 8 5 4 . 5 9 8 E - 0 1 2 . 7 5 1 . 9 9 4 E - 0 2 9 . 2 5 1 . 3 4 2 E - 0 3
° . 9  0 4 . 3 0 3 0 - 0 1 O . 0 0 1 . ^ 6 3 0 - ^ 2 0 . 3 0 1 . 2 7 1 c - 0 3
0 . 9 5 4 . 0 1 3 E - 0 1 7 . 2 5 1 . 2 7 2 E - 0 2 9 . 7 3 1 . 2 0 6 ^ - 0 3
1 . o n 0 . 7 3 1 F - 0 1 0 .  5p 1 . o ^ 3 E - o ? 1 0 . 0 0 1 . 1 4 5 F - 0 3
1 . ° 5 3 . 4 5 9 E - 0 1 o . 7 5 0 . 0 ^ 5 0 - 0 ^ 1 o . 3 o 1 . 0 3 7 E - 0 3
1 . 1 0 3 • 1 9 7 E - 0 1 l  . on 7 . 8  7 ? rr- 0 3 1 1 . 0 0 Q . 4 4 0 0 - 0 4
1 . 1 5 2 . 9 4 7 E - 0 1 4 . 2 5 6 . 8 3 7 0 - 0 3 1 1 . 3 0 8 . 6 2 8 0 - 0 4
1 . 2 0 2 • 7 0 9 E - 0 1 4 . 5 0 6 . 0 3  3 E - 0 3 1 2 . 0 0 7 . 9 1 7 0 - 0 4
1 . 2 5 2 . 4 8 5 E - 0 1 4 . 7 ^ 5 . 3 6 6 E - 0 3 1 2 . 3 0 0 . 0
A
cr.c
W K. N/ KO W K N / K O W K N / K O
0 . 0 7 . 3 4 6 0 - 0 1 1 . 4 0 2 . 0 4  7 er — ''' 1 6 . 0 0 4 . 8 0 0 0 - 0 3
0 . 0 5 7 . 0 3 3 E - 0 1 1 . 4 0 1 . 8 8 7 E - 0 1 6 . 7 3 4 . o n n o - 0 3
0 . 1 0 7 . 2 9 3 E - 0 1 1 . 5 0 1 . 7 ^ 9 E - 0 1 6 . 5 0 4 . 1 4 8 0 - 0 3
0 . 1 5 7 . 2 2 8 E - 0 1 1 . 5  5 1 . 6 0 1  E - 0 1 6 . 7 5 3 . 8 3 6 E - 0 3
0 . 2 0 7 . 1 3 8 F - 0 1 1 . 6 0 1 . 4 7 3 E - 0 1 7 . 0 0 3 . 5 5 Q O - 0 3
0 . 2 5 7 . 0 2 4 E - 0 1 1 . 6 5 1 . 3 5 5 0 - 0 1 7 . 2 5 3 . 3 1 1 E - 0 3
0 . 3 0 6 • 8 8 7 E - 0 1 i . 7 0 1 . 2 4 6 E - 0 1 7 . 3 n 3 . ^ 8 8 0 - 0 3
0 . 3 5 6 • 7 2 9 E - 0 1 1 . 7 3 1 . 1 4 6 E - 0 1 7 . 7 3 2 . 8 8 7 0 - 0 3
0 . 4 0 6 . 5 5 2 E - 0 1 1 . 8 0 1 . O O 5 F - 0 1 8 . 0 0 ? • 7 0 5 0 - 0 3
0 . 4 5 6 . 3 5 8 E - 0 1 1 . 8 5 9 . 7 1 9 E - 0 2 8 . 2 5 2 . 5 4 0 E - 0 3
0 . 5 0 6 . 1 4 8 E - 0 1 1 . 9 0 8 . 9 0 9 F - 0 2 8 . 3 0 2 . 3 O 0 F - 0 3
0 . 5 5 5 • 9 2 6 E - 0 1 1 . 9 5 8 . 2 6 8 E - 0 2 8 . 7 5 2 . 2 5 3 0 - 0 3
0 . 6 0 r' .  6 9 ? E - 0 1 2 . 0 0 " 7 . 6 4 0 0 - 0 2 Q . 0 0 2 . 1 ?  7 0 - 0 3
0 . 6 5 5 . 4 5 0 E - 0 1 2 . 2 5 5 • ? ‘74 E - 0 2 9 . 2 5 2 . 0 1 2 0 - 0 3
0 . 7 0 5 • 2 0 2 E - 0 l 2 . 0 0 7 . 8 2 3 0 - 0 2 9 . 3 0 1 . 9 0 5 F - 0 3
0 . 7 5 4 . 9 4 9 E - 0 1 2 . 7 5 2 . 9 1  I E - 0 2 9 . 7 5 1 . 8 0 8 0 - 0 3
0 . 8 0 4 . 6 9 5 r - 0 1 3 . 0 0 2 # 7 p g F - 0 2 1 0 . o n 1 . 7 1 7 P - P 3
0 . 8 5 4 . 4 4 0 E - 0 1 3 . 2 5 1 . 8 9 1 E - 0 2 1 0 . 5 0 1 . 5 5 5 0 - 0 3
0 . 9 0 4 . 1 8 7 E - 0 1 3 . 5 0 1 . 5 8 5 E - 0 2 1 1 . 0 0 1 . 4 1 5 0 - 0 3
0 . 9 5 3 . 9 3 8 E - 0 1 3 . 7 5 1 . 3 5 1 0 - 0 2 1 1 . 5 0 1 . 2 9 4 ^ - 0 3
1 . 0 0 3 . 6 9 4 E - 0 1 4 . 0 0 1 . 1 6 9 0 - 0 2 1 2 . 0 p 1 . 1 8 7 0 - 0 3
1 . 0 5 3 . 4 5 6 E - 0 1 4 . 2  5 1 . 0 2 2 E - 0 2 1 2 . 5 0 1 . 0 9 3 E - 0 3
1 . 1 0 3 . 2 2 6 E - 0 1 4  .  o p 9 . 0 2 2 0 - 0 3 1 3 .  o o 1 . 0 1 0 0 - 0 3
1 . 1 5 •a . 0 0 4 E - 0 1 4 •  7  ^ 8 . O ? 8 o - 0 3 1 3 . 5 0 O . 3 A O C - 0 4
1 . 2 0 2 • 7 9 2 E - 0 1 5 . 0 0 7 . 1 9 4 E - 0 3 1 4 . 0 0 8 . 6 0 8 0 - 0 4
1 . 2  5 2 • 5 9 0 E - 0 1 5 . 2  0 6 . 4 8 5 E - 0 3 1 4 . 5 0 8 . 1 0 5 0 - 0 4
1 . 3 0 ? . 8 9 8 E - 0 1 5 . 5 0 o . 8 7 9 0 - 0 3 1 5 . 0 0 7 . 5 7 0 0 - 0 4
1 . 3 5 2 . 2 1 7 E - 0 1 5 . 7 0 3 . 3 5 5 E - 0 3 1 5 . 5 0 7 . 0 8 7 0 - 0 4
A o . 4 o
w K N / K O w K N / K O w K N / K C
0 . 0 6 . 7 0 8 5 - 0 1 1 . 6 0 1 . P o p o - Ö  1 7 . 0 0 4 . 7 O R F - 0 7
0 . 0  5 6 . 6 9 7 E - 0 1 1 . 5  5 1 . 7 7 9 E - 0 1 7 . 2 5 4 . 4 0 8 F - 0 3
0 . 1 0 6 • 6 6 4 E - 0 1 1 . 6 0 1 . 6 1 7 E - 0 1 7 . 5 0 4 . 1 1 2 5 - 0 3
0 . 1 5 6 . 6 1  I E - 01 1 . 6 6 1 . 5 0 3 5 - 0 1 7 , 7  R 3 . 8 4 4 F - 0 3
0 . 2  0 6 . 5 8 7 E - 0 1 1 . 7 0 1 . 0 9 7 F - 0 ] 8 . 0 0 7 . 6 0 7 F - Q 3
o . 2 5 6 . 4 4 8 E - 0 1 1 . 7 5 1 . 2 ^ 9 5 - 0 1 8 . 7 5 3 . 3 8 3 5 - 0 3
6 . 3 3 0 5 - 9 1 1 . 8 0 1 . 7 9 8 6 - 0 1 8 . RO 3 . 1 8 3 5 - 0 3
"  . o 5 6 . 1 9 9 E - 0 1 1 . 8  c 1 . 1 2 4 E - 0 1 8 . 7 R 7 . 0 O 1 F - 0 3
0 . 4 0 6 . 0 5 3 F - 01 1 . 9 0 1 . 0 4 6 5 - 0 1 9 . 0  0 2 . 8 3 3 6 - 0 3
0 . 4 5 5 . 8 9 1 E - 0 1 1 . 9  6 9 . 7 5 0 E - 0 2 9 . 2 5 7 . 6 8 0 5 - 0 3
0 . 5 0 5 . 7 1 7 E - 0 1 2 . 0 0 9 . 0 9 4 c - 0 2 9 . 6 0 2 . 5 3 9 F - 0 3
0 . 5 5 5 . 5 3 1 E - 0 1 2 . 2 6 6 . 5 7 9 E - 0 2 9 . 7 6 2 . 4 0 8 5 - 0 3
0 . 6 0 5 . 3 3 6 E - 0 1 2 . 6 0 4 . 8 7 7 R - 0 2 1 0 . 0 0 2 . 2  P P.6- 0  7
0 . 6 5 5 . 1 3 2 E - 0 1 2 . 7  6 3 . 7 7 9 5 - 0 2 1 0 . 5 0 7 . 0 7 2 F - 0 3
0 . 7 0 4 . 9 2 3 E - 0 1 3 . 0 0 3 . 0 2  8 5 - 0 2 1 1 . 0 0 1 . 8 8 6 6 - 0 3
0 . 7 5 4 • 7 0 9 E - 0 1 7 . 2 5 2 . 4 ° 2 E - 0 2 1 1 . 5 0 1 . 7 2 4 5 - 0 3
0 . 8 0 4 . 4 9 2 E - 0 1 o # c, r 2 . 0 9 4 E - O 2 1 2 . 0 0 1 . 5 8 7 6 - 0 3
0 . 8 5 4 . 2 7 5 E - 0 1 3 . OR 1 . 7 8 9 5 - 0 2 1 2 . 6 0 1 . 4 5 7 5 - 0 3
0 . 9 0 4 . 0 5 8 E - 0 1 4 . 0 0 1 . R 4 9 5 - 0 2 1 2 . 0 0 1 . 3 4 6 6 - 0 3
0 . 9 5 2 . 8 4 2 5 - 0 1 4 . 7  6 1 . 7 5  6 5 - 0 2 1 3 . 5 0 1 . 2 4 7 5 - 0 3
1 . 0 0 7 . 6 3 0 E - 0 1 4 . 5 0 1 . 1 9 8 5 - 0 2 1 4 . 0 0 1 . 1 5 9 5 - 0 3
1 . 0 5 7 . 4 2 2 E - 0 1 4 . 7  6 1 . 0 6 6 F - 0 2 1 4 . 5 0 1 . 0 8 0 6 - 0 3
1 . 1 0 7 . 2 2 0 5 - 0 1 5 . 0 0 Q . 6  A O R - 0 3 1 5 . 0 0 1 . O ^ o f - 0 3
1 . 1 5 3 . 0 2 4 E - 0 1 5 . 2 6 8 . 6 2 2 5 - 0 3 1 5 . 6 0 0 . 4 4 6 6 - 0 4
1 . 2 0 2 • 8 3 4 E - 0 1 5 . 5 0 7 . 8 1 8 5 - 0 3 1 6 . 0 0 2 . 8 6 2 F - 0 4
1 . 2 5 2 . 6 5 3 E - 0 1 5 . 7 5 7 . 1 2 3 E - 0 3 1 6 . 6 0 8 . 3 3 0 5 - 0 4
1 . 8 0 2 . 4 7 9 E - 0 1 6 . 0 0 6 . 6 1 8 F - 0 3 1 7 . 0 0 7 . 8 4 5 5 - 0 4
1 . 8 5 2 . 3 1 4 E - 0 1 6 . 2  6 5 . 9 3 8 E - 0 3 1 7 . 6 0 7 . 4 0 1 5 - 0 4
1 . 4 0 2 . 1 5 7 E - 0 1 6 . 5 0 c . 6 2 0 5 - 0 3 1 8 . 0 0 6 . 9 9 4 5 —0 4
1 . 4 5 2 . 0 0 9 E - 0 1 6 . 7 ^ 5 . 1 0 6 5 - 0 3 1 8 . 5 0 6 . 6 2 9 6 - 0 4
A 9 . 6 0
W K N / K O w K N / K O W K N / K O
o . o 6 . 1 5 7 5 - 0 1 1 . 6  0 1 . 7 2 8 5 - 0 1 8 . 0 0 4 . 4 9 7 6 - 0 3
0 . 0 5 6 . 1 4 8 5 - 0 1 1 . 6 5 1 . 6 1 9 5 - 0 1 8 . 2 5 4 - . 2 2 3 5 - 0  3o.c 6 . 1 2 1 E - 0 1 1 . 7 0 1 . 5 1 7 5 - 0 1 8 . 6 9 3 . 9 7 4 F  — 03
0 . 1 5 6 . 0 7 6 E - 0 1 1 . 7 5 1 . 4 2 2 5 - 0 1 8 . 7 5 3 . 7 4 6 6 - 0 3
0 . 2 0 6 . 0 1 5 5 - 0 1 1 . 8 0 1 . 3 3 3 5 - 0 1 9 . 0 0 2 . 5 9 8 6 - 0 3
0 . 2 5 5 . 9 3 7 E - 0 1 1 . 8 5 1 . 2 5 0 E - 0 1 9 . 2 5 3 . 3 4 6 5 - 0 3
0 . 3 0 5 . 8 4 3 5 - 0 1 1 . 9  9 1 . 1 7 2 5 - 0 1 9 . 5 0 3 . 1 7 0 F - 0 3
0 . 3 5 6 . 7 3 5 5 - 0 1 1 . 9  6 1 . 1 0 0 5 - 0 1 9 . 7  5 3 . 0 9 7 6 - 0 3c<±.c 6 . 6 1 2 5 - 0 1 7 . 9 9 1 1 9 . 0 0 2 . 8 5 7 F - 0 3
0 . 4 5 5 . 4 7 8 5 - 0 1 7 . 2 6 7 . 6 6 2 E - 0 2 1 0 . 5 0 7 . 5 8 8 F - 0 3
0 . 5 0 5 . 3 3 1 5 - 0 1 7 . 5 0 5 . 8 4 4 E - 0 2 1 1 . 9 0 7 . 3 5 6 6 - 0 3
0 . 5 5 5 . 1 7 5 E - 0 1 7 . 7 6 4 . 5 9 4 E - 0 2 1 1 . 5 0 2 . 1 5 3 5 - 0 3
o • 6 ° 5 . 0 1 1 5 —01 “2 . 0 0 0 . 7 1  3 5 - 0 7 T 2 . 5 0 1 . o ^ r - 5 1
0 . 6 5 4 • 8 3 9 E - 0 1 3 . 2  5 3 . 0 7 1 E - C 2 1 2 . 5 0 l • 8 2  0 E - 0 3
0 . 7 0 4 . 6 6 1 E - 0 1 3 . 5 0 2 . 5 O 0 E - 0 2 1 0 . 0 0 I • 6 8 2 p ~ 0  3
0 . 7 5 4 . 4 7 9 E - 0 1 3 . 7  5 2 . 2 1 7 E - 0 2 1 3 . 5 0 l . 5 5 9 E - 0 3
0 . 8 0 4 . 2 9 4 E - 0 1 4 . 0 0 1 • 9 2  2 E - 0 2 1 4 . 0 0 I . 4 4 8 F - 0 3
0 . 8 5 4 . 1 0 7 E - 0 1 4 • 2 p 1 . 6 8 4 E - 0 2 1 4 . 5 0 I . 3 5 0 5 - 0 3co•C' 3 . 9 2 0 E - 0 1 8 . 5 0 1 . 4 8 9 E - 0 2 1 5 . 0 0 I • 2 6 ! p ~ 0 3
0 . 9 5 3 . 7 3 4 E - 0 1 4 . 7 5 1 . 3 2 7 E - 0 2 1 5 . 5 0 I . I 8 0 p ~ 0 3oo. 3 . 5 4 9 E - 0 1 c , 0 0 1 . 1 o p r _ o 2 1 6 . 5 0 I . I 5 7 5 - 0 3
1 . 0 5 3 . 3 6 7 E - 0 1 5 . 2 5 1 • 0 7 4 E - 0 2 1 6 . 5 0 I . 0 4 1 5 - 0 3
1 . 1 0 3 . 1 8 9 E - 0 1 c . 5 0 9 . 7 4 0 c - 0 3 1 7 . 0 0 9 . 8 5 4 p - 0 4
1 . 1 5 3 . 0 1 5 E - 0 1 5 . 7  5 8 . 8 7 7 E - 0 3 l 7 . 5 0 ° . 2 4 9 F - 0 4
1 . 2 0 2 . 8 4 6 E - 0 1 6 . 0 0 5 . 1 7  5 E - 0 7 1 5 . 5 0 0 , 7 / 4 ^ 5 - 0 4
1 . 2 5 2 . 6 8 3 E - 0 1 6 . 2  c 7 . 4 6 6 E - 0 3 1 8 . 5 0 8 . 2 7 3 E - 0 4
1 . 3 0 2 . 5 2 7 F - 0 1 6 .  50 6 . 8 8 5 E - 0 3 1 9 . 0 0 7 . 8 4 1 5 - 0 4
1 . 3 5 2 . 3 7 6 E - 0 1 6 . 7 5 6 . 3 6 9 E - 0 3 1 9 . 5 0 7 . 4 4 3 E - 0 4
1 . 4 0 2 . 2 0 3 F —01 7 . 0 0 5 . Q1 0 5 - 0 7 2 5 . n o 7 . 0 7 4 C - 0 4
1 . 4 5 2 • 0 9 6 E - 0 1 7 • 2 r- 5 . 5 0 0 E - 0 3 2 1 . 0 0 6 . 4 1 5 F - 0 4
1 . 5 0 1 . 9 6 6 E - 0 1 7 . 5 0 5 . 1 0  I E - 0 3 2 2 . 0 0 5 . 8 4 3 p ~ 0 4
1 . 5 5 1 . 8 4 4 F - 0 1 7 . 7 5 4 . 7 9 8 E - 0 3 2 3 . 0 0 5 . 0
A ^ . 6 0
w K N / K O W K N / K O W K N / K O
0 . 0 5 . 6 7 8 E - 0 1 1 . 6 5 1 . 7 n 9 F - 0 1 8 . 5 0 4 . 7 6 1 5 - 0 3
0 . 0 5 5 • 6 7 0 E - 0 1 1 . 7 0 1 . 6 1 2 F - 0 1 8 . 7 5 4 . 4 8 9 5 - 0 3
9 . 1 0 5 . 6 4 8 F - 0 1 1 . 7 5 1 . 5 7 0 F - 0 1 o . O O 4 . 2  3 9 5 — 0 7
0 . 1 5 5 . 6 1  I E - 01 1 . 8 0 1 . 4 7 8 E - 0 1 0 . 2 5 4 . 0 1 0 E - 0 3
0 . 2 0 5 . 5 6 0 E - 0 1 1 . 8 5 1 . 7 5 3 E - O I 9 . 5 0 7 . 7 9 9 E - 0 3
0 . 2 5 p . 4 9 4 F - 0 1 1 . 9 0 1 . 2 7 6 p - 0 1 0 . 7 5 3 . 6 0 4 5 - 0 3
0 . 3 0 5 . 4 1 6 E - 0 1 1 . O R 1 .  ? ^ 5 ^ - 0 1 1 9 . 0 0 7 . 4 7 4 C - 0 3
0 . 3 5 5 . 3 2 5 E - 0 1 2 . 0 0 1 . 1 7 8 F - 0 1 1 0 . 5 O 3 . 1 0 3 5 - 0 3c.0 5 . 2 2 2 E - 0 1 2 . 7 5 8 . 6 C 1 E - 0 2 1 1 . 0 9 7 . 8 2 4 5 - 0 3
0 . 4 5 5 .  1 0 9 E - 0 1 7 . 5 0 6 . 7 2 0 E - 0 2 1 1 . 5 0 7 . 5 R 2 E - 0 3
0 . 5 9 4 . 9 8 6 E - 0 1 7 . 7  5 5 .  7 5 O F - 0  7 1 7 . 9 0 2 . 3 7 n r - 0 3
0 . 5 5 4 . 8 5 4 E - 0 1 7 . o n 8 . 7 6 0 E - 0 2 1 7 . 5 0 2 . 1 8 2 5 - 0 3
0 . 6 0 4 * 7 1 4 E - 0 1 0 . 7 5 7 . 6 7 6 E - 0 2 1 7 . 0 0 2 . 0 1 7 5 - 0 3
0 . 6 5 4 . 5 6 8 E - 0 1 3 . 5 0 3 • 0 6 8 E - 0 2 1 3 . 5 0 1 . 8 6 9 F - 0 3
9 . 7 0 4 . 4 1 7 E - 0 1 Q . 7 5 2 • 6 7 3 F - 0 2 1 4 . 0 0 1 . 7 7 7 5 - 0 3
0 . 7 5 4 . 2 6 1 E - 0 1 4 . 0 0 2 . 2 8 7 E - 0 2 1 4 . 5 0 1 . 6 1 9 E - 0 3
0 . 8 0 4 * 1 0 2  E - 0 1 4 . 2  5 2 . 0 0 6 E - 0 ? 1 5 . 0 0 1 . 5 ] 2 P “ 0 3
0 . 8  5 3 • 9 4 2 E - 0 1 4 . 5 0 1 • 7 7  5 E - 0 2 1 5 . 5 0 1 . 4 1 6 E - 0 3
0 . 9 0 3 • 7 8 0 E - 0 1 8 . 7 5 1 . 5 8 3 F - 0 2 1 6 . 0 0 1 . 7 2 8 5 - 0 3LT0.0 7 . 6 1 8 E - 0 1 5 . 0 0 1 . 4 2 1 E - 0 2 1 6 . 5 0 1 . 2 4 9 5 - 0 3
1 . 0 0 3 . 4 5 6 E - 0 1 5 . 2 5 1 . 7 8 3 E - 0 2 1 7 . 0 0 1 . l 7 6 E - 0 3
1 . 0 5 3 • 2 9 7 E - 0 1 5 . 5 0 1 . 1  6 4 E -  0 2 1 7 . 5 0 1 . 1 0 0 5 - 0 3
1 . 1 0 7 . 1 4 0 E - 0 1 5 . 7 5 1 . 4 A 1 E - 0 7 1 8 . 9 0 1 . 0 4 8 p - 0 3
1 . 1 5 2 . 9 8 6 E - 0 1 6 . 0 0 9 . 7 1 7 E - 0 3 1 8 . 5 0 9« 9 7 4 5 —0 4
1 . 2 0 2 . 8 3 5 E - 0 1 6 . 2  K 8 . 9 7 1 E - 0 3 1 9 . 0 0 0 . 4 0 - 7 5 - 0 4
1 . 2 5 2 . 6 8 9 E - 0 1 6 . 5 0 8 . 2 3 8 E - 0 3 1 9 . 5 0 8 . 9 2 9 F - 0 4
1 . 3 0 2 * 6 4 8  6 - 0 1 6 . 7 * 7 , 6 2 3 6 - 0 3 7 0 . 0 0 8 . 4 8 7 8 - 0 4
1 . 3 5 2 . 4 1 1 F - 01 7 . 0 0 7 , 0 7 5 tr- 0 3 2 1 . 9 9 7 . 6 O 6 r - 0 4
1 . 4 0 2 • 2 8 0 E - 0  1 7 . 2 * 6 . * R 5 c -  0 3 2 2 . 0 0 7 . 0 1 1 r - 0 4
1 . 4 5 2 . 1 5 5 E - 0 1 7 . 6 0 6 . 1 4 4 E - 0 3 7 3 . 0 0 6 . 4 1 3 F - 0 4
1 . 50 2 . 0 3 5 6 - 0 1 7 . 7 * * . 7 4 6 F - 0 3 2 4 . 0 0 * . R p o r - 0 4
1 . 5 5 1 . 9 2 0 E - 0 1 8 ;  0 0 5 . O 8 6 E - 0 3 2 5 . n o * . 4 2 6 6 - 0 4
1 . 6 0 1 . 8 1 2 E - 0 1 8 . 7 * 6 . 0 6 9 E - 0 3 2 6 . 0 0 -  . o
A or~•c
W KN/ KO W KN/ KO W KN/ KO
9 . 0 5 . 2 5 9 E —01 1 . 7 0 1 . 6 8 4 F - 0 1 9 .  O0 4 . 9 3 8 * ’ —03
0 . 0  5 5 . 2 5 3 E - 0 1 1 . 7 5 1 . 5 9 6 E - 0 1 9 . 2 5 4 . 6 7 1 F - 0 3
0 . 1 0 5 . 2 3 4 6 - 0 1 1 . 8  0 1 . 5 1 4 E - 0 1 9 . 5 0 4 . 4 2 6 F - 0 3
0 . 1 5 5 . 2 0 3 E - 0 1 1 . 8 8 1 . 4 3 5 E - 0 1 Q . 7 5 4 . 1  o o f - 0 3
9 . 2 0 5 . 1 6 0 E - 0 1 1 . 9 0 1 . 7 6 1 r - 0 1 1 o . o n 7 . g q n r - 0 3
0 . 2 5 5 . 1 0 5 E - 0 1 1 . 9 5 1 . 2 9 2 E - 0 1 1 0 . 5 0 3 . 6 1 5 F - 0 3
O . o o * . 0 3 9 E - 0 1 2 . 0 0 1 . 2 2 6 8 - 0 1 1 1 . 0 0 3 . 2 0 1 6 - 0 3
0 . 3 5 4 . 9 6 2  E - 0  1 2 . 2 8 9 . 5 1  I E - 0  2 1 1 . 5 0 3 . 0 0 0 6 - 0 3
0 . 4 0 4 . 8 7 5 E - 0 1 2 . 5 0 7 . 5 0 9 6 - 0 2 1 2 . 0 0 2 . 7 6 2 0 - 0 3
0 . 4 5 4 . 7 7 9 E - 0 1 2 . 7 5 6 . 0 4 7 E - 0 2 1 2 . 5 0 2 . 5 4 4 6 - 0 3
0 . 6 0 4 . 6 7 5 F —01 7 . 0 0 4 • O6 6 r - 0 2 1 7 . 0 0 2 . 3 6 1 6 - 0 3
0 . 5 5 4 . 5 6 3 E - 0 1 3 . 2 5 4 . 1 5 2 F - 0 2 1 3 . 5 0 2 . 1 7 9 6 - 0 3
0 . 6 0 4 . 4 4 4 E - 0 1 3 . 5 0 3 . 5 2 6 F - 0 2 1 4 . 0 0 2 . 0 2 5 6 - 0 3
0 . 6 5 4 . 3 1 9 E - 0 1 3 . 7 5 3 . 0 3 4 E - 0 2 1 4 . 5 0 1 . 8 8 7 F - 0 3
0 . 7 0 4 . i 9 0 F - 0 1 4 . 0 0 2 . 6 4 0 F - 0 2 1 8 . 0 0 1 . 7 6 7 6 - 0 7
0 . 7 6 4 . 0 5 6 E - 0 1 4 . 2 5 2 . 3 2 0 E - 0 2 1 5 . 5 0 1 . 6 5 1 6 - 0 3
0 . 8 0 0 . 9 1 9 E - 0 1 4 . 5 0 2 , 0 8 5 0 - 0 2 1 6 . 0 0 1 . 5 4 9 6 - 0 3
0 . 8  5 7 . 7 8 0 E - O 1 4 . 7 5 1 . 8 7 4 6 - 0 2 1 6 . 5 0 1 . 4 5 6 F - 0 3
0 . 9 0 0 . 6 3 9 F - 0 1 * . 0 0 1 • 6 4  8 E - 0 2 1 7 . 0 0 1 . 3 7 1 6 - 0 3
0 . 9 5 3 . 4 9 8 E - 0 1 5 . 2 5 1 . 4 8 8 E - 0 2 1 7 . 5 0 1 • 2 9 4 6 - 0 3
1 . 0 0 3 . 3 5 7 E - 0 1 5 . 5 0 1 . 3 5 1 8 - 0 2 1 8 . 0 0 1 . 2 2 3 6 - 0 3
1 . 0 5 3 . 2 1 7 E - 0 1 5 . 7 5 1 . 2 3 3 E - 0 2 1 8 . 5 0 1 . 1 5 7 E - 0 3
1 . 1 0 7 . 0 7 8 6 - 0 1 6 . 0  0 1 . 1 2 9 6 - 0 2 1 9 . 0 0 1 . 0 O 7 F - 0 3
1 . 1 5 2 . 9 4 1 E - 0 1 6 . 2 5 1 . 0 3 8 E - 0 2 1 9 . 5 0 1 . 0 4 1 6 - 0 3
1 . 2 0 7 . 8 0 7 E - 0 1 6 . 8 0 °  . 6 7 o p — o 3 2 O . 0 0 o . 8 o 8 6 - 0  4
1 . 2 5 2 . 6 7 6 E - 0 1 6 . 7 5 8 . 8 6 7 E - 0 3 2 1 . 0 0 8 . 9 7 6 6 - 0 4
1 . 3 0 2 . 5 4 9 E - 0 1 7 . 0 0 8 . 2 3 1 E - 0 3 2 2 . 0 0 8 . 1 7 7 6 - 0 4
1 . 0 5 2 . 4 2 5 E - 0 1 7 . 2 5 7 . 6 6 2 E - 0 3 2 3 . 0 0 7 . 4 8 0 6 - 0 4
1 . 4 0 2 • 7  0 6 F - 0 1 7 c; r \• 7 . 1  6 Of  —03 2 4 . 0 0 6 . 8 6 8 6 - 0 4
1 . 4 5 2 . 1 9 1 E - 0 1 7 . 7 5 6 . 6 8 9 E - 0 3 2 5 . 0 0 6 . 3 2 9 6 - 0 4
1 . 5 0 2 . 0 8 0 E - 0 1 8 . 0 0 6 . 2 7 0 6 - 0 3 2 6 . 0 0 8 . 8 8 1 6 - 0 4
1 . 5 5 1 . 9 7 4 E - 0 1 8 . 2  5 5 . 8 ° 0 E - 0 3 2 7 . 0 0 * . 4 2 5 6 - 0 4
1 . 60 1 . 8 7 2 E - 0 1 8 . 5 0 5 . 5 4 4 6 - 0 3 2 8 . 0 0 8 . 0 4 4 6 - 0 4
1 . 6 5 1 . 7 7 6 E - 0 1 8 . 7 5 5 . 2 2 8 E - 0 3 2 9 . 0 0 9 . 0
A 7 . 8 0
w K N / K O W K N / K O W K N / K O
0 . 7 4 . 8 0 1 E - 01 1 . 7 * 1 . * * 5 0 - 0 1 ° .  * 0 * . 0 4 7 c - 0 8
7 . 7 5 4 . 8 8 5 E - 0 1 1 . 8 0 1 . 5 7 6 0 - 0 1 9 . 7 5 4 . 7 9 1 0 - 0 3
7 . 1 7 4 . 8 7 0 0 - 0 1 1 . 8 * 1 1 7 . 0 0 4 . 5 5 3 5 - 0 3
A . l  5 4 . 8 4 3 F - 0 1 1 . 9 0 1 . 4 2 9 0 - 0 1 1 0 . 5 0 4 . 1 2 6 r - 0 3
- • 2 0 4 . 8 0 7 F - 0 1 1 . 9 * 1 . 7 6 2 r - 0 1 1 1 . 0 0 7 . 7 * 7 0 - 0 3
0 . 0 5 4 . 7 6 0 F - 0 1 2 . 0 0 1 . 2 9  8 0 - 0 1 1 1 .  * 0 3 . 4 3 5 0 - 0 8
n , 8 0 4 . 7 0 4 0 - 0 1 2 . 8 * 1 , 0 2  5 er- 0 1 1 2 . 7 0 7 .  1 *  7 5 - 0 7
0 . 3 5 4 . 6 3 9 E - 0 1 2 . 5 0 8 . 2 1  1 0 - 0 2 1 2 . 5 0 2 . 9 0 5 7 - 0 3
^ . 4 7 4 . 5 6 6 E - 0 1 2 . 7 * *  . 4P 7 0 - 0 2 1 7 . n o 2 . 6 P 4 7 - 0 3
0 . 4  5 4 . 4 8 4 0 - 0 1 3 . 0 0 5 . 5 P 1 0 - 0 2 1 8 . 5 0 7 . 4 8 6 5 —03
0 , 5 0 A . 3 0 5 0 - 0 1 7 . 2 * A . 6 * 0 0 - 0 2 1 4 . 0 0 7 . 8 1 3 5 - 0 3
0 . 5 5 4 . 2 0 9 E - 0 1 3 . 5 0 3 • 9 6 4 E - 0 2 1 4 . 5 0 7 . 1 5 5 7 - 0 3
7 . 6 n 4 . 1 0 8 E - 0 1 7 . 7 * p . 4 7 0 0 - 0 ? 1 5 . 0 0 7 . 0 1 4 7 - 0 7
0 . 6 5 4 . 0 9 1 0 - 0 1 4 . 0 0 7 . 9 8 3 0 - 7 2 1 *  . 50 1 . 8 8 * 7 - 0 3
0 . 7 0 3 • 9 7 9 E - 0 1 4 . 2 * 2 . 6 2 5 0 - 0 2 1 6 . 0 0 1 . 7 6 9 0 - 0 3
0 . 7 5 3 . 8 6 4 0 - 0 1 4 . 5 0 2 • 3 2 9 E - 0 2 1 6 . 5 0 1 . 6 6 3 0 - 0 3
0 . 8 0 7 . 7 4 5 0 - 0 1 A . 7 * 2 . 0 8 0 0 - 0 2 1 7 . 0 0 1 . 5 6 6 7 - 0 3
0 . 8 5 7 • 6 2 4 E - 0 1 * . 0 0 1 . 8 7 0 0 - 7 2 1 7 . 6 0 1 . Ä 7 Q 5 - 0 3
7 . 9 0 3 . 5 0 2 E - O 1 5 . 2 5 1 . 6 7 1 0 - 0 2 1 8 . 0 0 1 . 3 9 7 5 - 0 3
0 . 9 5 3 . 3 7 8 0 - 0 1 5 . 5 0 1 . 5 3 6 0 - 0 2 1 8 . 5 0 1 . 3 2 2 F - 0 3
1 . 0 0 3 . 2 5 4 0 - 0 1 c 7 c; 1 . 4 0 2 0 - 0 2 1 9 . 0 0 1 . 2 5 3 7 - 0 3
1 . 0 5 7 . 1 3 1 E—01 6 . 0 0 1 . 2 8 5 E - 0 2 1 9 . 5 0 1 . 1 9 0 7 - 0 3
1 . 1 0 3 . 0 0 8 E - 0 1 6 . 2 5 1 . 1 8 2 0 - 0 2 2 0 . 0 0 1 . 1 3 1 5 - 0 3
1 . 1 5 2 • 8 8 7 E - 0 1 6 . 5 0 1 . 0 9 1 0 - 0 2 2 1 . 0 0 1 . 0 2 5 0 - 0 3
1 . 2 0 2 . 7 6 7 0 - 0 1 6 . 7 * 1 . 0 1  n o - 0  2 2 2 . 0 0 0 . 3 4 7 5 - 0 4
1 . 2 5 2 . 6 4 9 0 - 0 1 7 . 0 0 9 . P 7 6 F - 0 8 2 7 . 0 0 8 . 5 4 6 7 - 0 4
1 . 3 0 2 . 5 3 5 0 - 0 1 7 . 2 * 8 . 7 3 7 5 - 0 3 2 4 . 0 0 7 . 8 4 8 5 - 0 4
1 . 3 5 2 . 4 2 3 0 - 0 1 7 . 5 0 8 . 1 4 9 E - 0 3 2 5 . 0 0 7 . 2 3 1 0 - 0 4
1 . 4 0 2 . 3 1 4 E - 0 1 7 . 7 5 7 . 6 2 4 0 - 0 3 2 6 . 0 0 6 . 6 8 5 0 - 0 4
1 . 4 5 2 . 2 0 8 0 - 0 1 8 . 0 0 7 . 1 4 9 E - 0 3 2 7 . 0 0 6 . I 0 9 7 - O 4
1 . 5 0 2 . 1 0 7 0 - 0 1 8 . 2 * 6 . 7 1 6 0 - 0 3 2 8 . 0 0 * . 7 6 8 T - 0 4
1 . 5 5 2 . 0 0 9 0 - 0 1 8 . 5 0 6 . 3 2 2 0 - 0 3 2 9 . 0 0 * . 3 7 2 7 - 0 4
1 . 6 0 i . 9 1 4 0 - 0 1 8 . 7 * * . 7 6 2 * - n 3 3 7 . 0 0 5 . 7 7 7  C —0 4
1 . 6 5 1 . 8 2 4 0 - 0 1 9 . 0 7 * . 6 7 2 0 - 7 8 3 1 . 0 0 4 . 7  n 1 5 - Q 4
1 • 7 0 i . 7 7 7 0 - 0 1 0 . 2 * * . 3 7 7 0 - 0 3 7 2 . 0 0 7 . 0
A ^ . 7 7
W K N / K O W K N / K O W K N / K O
0.c 4 . 5 6 5 0 - 0 1 1 . 8 0 1 . 6 2 3 0 - 0 1 1 0 . 0 0 * . 1 i 3 5 - 0 3
0 . 0 5 4 . 5 6 1 0 - 0 1 1 . 8 5 1 . 5 5 1 0 - 0 1 1 0 . 5 0 4 . 6 3 4 7 - 0 3
c.c 4 . 5 4 7 0 - 9 1 1 . 7 0 1 . 4 8 3 0 - 0 1 1 1 . 7 0 4 . 2 2 7 ^ - 0 3
0 . 1 5 4 . 5 2 5 E - 0 1 1 . 9 5 1 . 4 1 8 E - 0 1 1 1 . 5 0 3 . 8 5 9 0 - 0 3
7 . 7 0 4 . 4 9 4 5 - 0 1 2 . 5 0 1 . 8 * 6 7 - 0 1 1 2 . 7 0 8 # 6 4 3 5 - 0 3
0 . 2 5 4 . 4 5 4 E - 0 1 2 . 2 5 1 . 0 8 9 0 - 0 1 1 2 . 5 0 3 . 2 6 4 5 - 0 3
7 . 3 7 4 . 4 0 7 0 - 0 1 7 .  * 0 8 . 8 8 1 5 - 0 2 1 8 . 0 7 8 . 7 1 7 5 - 7 3
0 . 3 5 4 . 3 5 1 E - 0 1 2 . 7 6 7 . 2 6 0 F - 0 2 1 7 . 5 0 2 . 7 9 7 F - 0 3
0 . 4 0 4 . 2 8 8 F - 0 1 7 . 0 0 6 • 0 5 3 F - 0 2 1 4 . 0 0 7 . 6 ^ 7 P - 0 3
0 . 4  5 4 . 2 1 8 E - 0 1 3 . 2 6 5 . 1 1 6 E - 0 2 1 4 . 5 0 2 . 4 2 3 F - 0 3
0 .  SO 4 . 1 4 2 F - 0 1 3 . 6 0 4 . 3 7 8 F - 0 2 1 5 . 0 0 2 . 2 6 4 r - 0 3
0 . 5 5 4 . 0 6 0 F - O 1 3 . 7 6 3 . 7 8 9 E - 0 2 1 5 . 5 0 7 . 1 2 7 F —0 3
0 . 6 0 o . 9 7 2 F - 0 1 4 . 0 0 7 . 7 1 2 F - 7 7 1 6 . 0 0 1 . 9 8  o p - 0  3
0 . 6 5 3 . 8 8 0 E - 0 1 4 . 2 6 2 • 07  OE- 0 2 1 6 . 5 0 1 . 8 7 7 p - 0 3
0 . 7 0 3 . 7 8 3 E - 0 1 4 . 6 0 2 . 5 Q 4 F - C 2 1 7 . 0 0 1 . 7 6 1 7 - 0 3
n • 7 5 7 . 6 8 3 E - 0 1 4 . 7 5 2 . 3 2  0 E - 0 2 1 7 . 5 0 1 . 6 6 2 F - 0 3
0 . 5 0 3 . 5 8 0 F - 0 1 tz D  n• 2 . 0 8 8  O - o ? 1 8 . 0 0 1 . 5 7 1 p - 0 3
0 . 8 5 3 . 4 7 5 E - 0 1 5 . 2 5 1 . 8 8 9 E - 0 2 1 8 . 5 0 1 . 4 8 7 F - 0 3
0 . 9 0 7 . 3 6 8 E - 0 1 5 . 6 0 1 . 7 1 7 E - 0 2 1 o . OO 1 . 4 0 9 0 - 0 3
0 . 9 5 3 . 2 6 0 E - 0 1 5 . 7 5 1 . 5 6 8 E - 0 2 1 9 . 6 0 1 . 3 3 8 E - 0 3
1 . 0 0 7 . 1 5 1 F - 0 1 6 . 0 0 1 . 4 7 8 F - 0 2 7 7 .OO 1 . 2  7 2 r - 0  3
1 . 0 5 3 . 0 4 1 E - 0 1 6 . 2 7 1 . 3 2 3 F - 0 2 2 1 . 0 0 1 . 1 5 3 F - 0 3
1 . 1 0 2 . 9 3 3 E - 0 1 6 . 5 0 1 . 2 2 2 F - 0 2 2 2 . 0 0 1 . 0 5 1 - - 0 3
] . 1 5 2 . 8 2 4 E - 0 1 6 . 7 5 1 . 1 3  I E - 0 2 2 3 . 0 0 9 . 6 1 1 F - 0 4
1 . 7 0 2 • 71 7 F -  0 1 7 . 0 0 1 . 0 5  I E - 0 2 2 4 . 0 0 8 . 8 2 6 F - 0 4
1 . 3 5 2 . 6 1 2 E - 0 1 7 . 2 5 O . 7 8 8 E - 0 3 2 5 . 0 0 8 . 1 3 3 F - 0 4
1 . 7 0 2 • 8 0 9 F - 0 1 7 . 5 0 0 .1 7 Q c — 0 8 2 6 . 0 0 7 . 6  1 OF - r f f y
1 . 0 5 2 . 4 0 7 E - 0 1 7 . 7 * 8 . 5 5 2 E - 0 3 2 7 . 0 0 6 . 9 7 2 F - 0 4
1 . 4 0 7 . 3 0 8 E - 0 1 8 . 0 0 8 • 0 2  0 E - 0 3 2 8 . 0 0 6 . 4 8 2  7 - 0 4
1 . 4 5 2 . 2 1 2 E - 0 1 8 . 2 * 7 . 5 7 6 E - 0 3 2 9 . 0 0 6 . 0 4 3 F - C 4
1 . 50 2 . 1 1 8 E - 0 1 8 . 6 0 7 . 0 0 5 6 - 0 3 3 7 . 0 0 7 . 6 4 6 * " —04
1 . 5 5 2 . 0 2 8 E - 0 1 8 . 7 6 6 . 6 9 2 E - 0 3 3 1 . 0 0 6 . 2 8 7 F - 0 4
1 . 6 0 1 . 9 4 0 F —01 o . 0 0 6 . 7 2 2 0 - 0 7 7 2 . 0 0 & • Q6 2 r - 04
1 . 6 5 1 . 8 5 6 E - 0 1 9 . 2 6 5 . Q 8 2 F - 0 3 3 3 . 0 0 4 . 6 6 6 F - 0 4
1 . 7 0 1 . 7 7 5 F - 0 1 °  . 50 5 . 6 6 0 0 - 0 3 7 4 . 0 0 4 . 7 9 6 ^ - 0 4
1 . 7 6 1 . 6 9 7 F - 0 1 0 . 7 5 5 . 3  8 OF —03 7 5 . 0 0 7 . 0
A 1 . 7 0
w KN/ KO W KN/ KO w KN/ KO
0 . 0 4 . 2 7 6 E - 0 1 1 . 8 6 1 . 5 8 9 E - 0 1 1 1 . 0 0 4 . 6 8 2 F - 0 3
0 . 0 5 4 . 2 7 2 E - 01 1 . 9 0 1 . 5 2 4 F - 0 1 1 1 . 5 0 4 . 2 8 2 E - 0 3c.c 4 . 2 6 0 F - 0 1 1 . 9 7 1 . 4 6 2 E - 0 1 1 2 . 0 0 7 . 0 8 1 P - 0 3
0 . 1 5 4 . 2 4 1 F - 0 1 2 . 0 0 1 . 4 0 2 E - 0 1 1 2 . 7 0 7 . 6 2 2 F - 0 3
7 . 2 0 4 . 2 1 5 E - 0 1 2 . 2 5 1 . 1 4 2 E - 0 1 1 3 . 0 0 7 . 3 4 8 7 - 0 3
7 . 2 5 4 . 1 8 1 E - 0 1 2 . 7 0 7 . 3 7 5 E - 7 2 1 3 . 6 0 7 . 1 0 4 E- 0 7
0 . 3 0 4 . 1 4 0 E - 0 1 2 . 7 * 7 . 7 7 Q F - 0 ? 1 4 . 0 0 7 . 8 8 6 7 - 0 3
0 . 7 6 4 . 0 9 2 F - O ] 0 . On 6 . R' i 7 r - A 7 1 4 . 5 0 7 . 6  0 n r  —0 3
o . 4 0 4 • 0  Q 8 E - 0 1 0 . 7 8 5 • 5 6 0 E -  0 2 1 8 . 0 0 7 . 5 1  3 r - 0  3
0 . 4 5 0 . 9 7 8 E - 0  1 o . SO 4 . 07OF - O2 1 5 . 5 0 2 . 3 6 o r - 0 3
o . so 3 . 9 l 2 F - o ) i 3 . 7 ^ 4 . 1  4 1 F -  0 2 1 6 . 0 0 2 . 7 O 8 F - 0 3
0 . 5 5 3 . 8 4 1 E - 0 1 4 . 0 0 0 . 6 7 8 E - 0 2 1 6 . 5 0 7 . 0 7 6 r ~03
0 . 6 0 3 . 7 6 6 E - 0 1 4 . 2 5 0 . 2 0 5 E - 0 2 1 7 . 0 0 1 . 9 5 6 F - 0 3
0 . 6 5 3 . 6 8 6 E - 0 1 4 . 5 0 2 . 3 5 2 E - 0 2 1 7 . 5 0 1 • 8 4 5 E - 0 3
o . 7 0 3 . 6 0 2 F - 0 1 4 . 7 ^ 7 . 5  5 4 E - 0  7 1 8 . 0 0 1 , 7 4 4 c - 0 3
O . 7S o . 5 1 5 F - 0 1 8 . 0 0 7 . 0  ^ 0 er - 0  7 1 8 . 8 0 1 . 6 8 1 r - 0 7
0 . 8 0 3 . 4 2 5 E - 0 1 5 . 2  5 2 . 0 8 3 E - 0 2 1 9 . 0 0 1 . 5 6 5 F - 0 3
0 . 8 5 3 . 3 3 3 E - 0 1 5 . 5 0 1 . 8 9 5 E - 0 2 1 9 . 5 0 1 . 4 8 6 F - 0 3
0 . 9 0 3 . 2 3 9 E - 0 1 8 . 7 5 1 . 7 3 2 E - 0 2 7 0 . 0 0 1 . 4 1 2 F - 0 3
0 . 9 5 8 . 1 4 4 E - 0 1 6 . 0 0 1 . 5 8 8 E - 0 2 2 1 . 0 0 1 . 7 8 1 F - 0 3
1 . 0 0 3 . 0 4 7 E - O 1 6 . 2 5 1 . 4 6 2 F - 0 2 7 7 . 0 0 1 . 1 6 7 F - 0 3
1 . 0 5 7 . 9 5 1 E- 0 1 6 . 8  0 1 . 3 5  I E - 0 2 7 7 . 0 0 1 . O 6 8 F - 0 3
1 . 1 0 2 . 8 5 4 E - 0 1 6 . 7 6 1 • 2 5 2 E - 0 2 2 4 . 0 0 F . 8 O 3 F - 0 4
1 . 1 5 2 . 7 5 8 E - 0 1 7 . 0 0 1 . 1 6 3 E - 0 2 7 5 . 0 0 0 • 0 3 4 F - Q 4
1 . 2 0 2 • 6 6 2 E - 0 1 7 . 2 5 1 . 0 8 3 E - 0 2 2 6 . 0 0 3 . 3 5 2 F - 0 4
1 . 2 5 2 . 5 6 7 E - 0 1 7 . 5  0 1 . 0 1 2 E - 0 2 2 7 . 0 0 7 . 7 4 4 0 - 0 4
1 . 8 0 2 . 4 7 4 E - 0 1 7 . 7 5 9 . 4 7 1 E - 0 3 2 8 . 0 0 7 . 2 O 1 F - 0 4
1 . 3 5 2 . 3 8 2 E - 0 1 8 . 0 0 8 . 8 8 3 E - 0 3 2 9 . 0 0 6 . 7 1 2 F - 0 4
1 . 4 0 7 . 2 9 2 F - 3 1 8 . 7 ^ 8 . 3  4 9 er — 03 7 0 . 0 0 6 . ?  7 2 r - 0 4
1 . 4 5 7 . 2 0 4 E - 0 1 8 . 5 0 7 . 8 6 2 E - 0 3 7 1 . 0 0 5 . 8 7 4 F - Q 4
1 . 50 7 .  1 1 8 E - 0 1 8 . 7  6 7 . 4 1 7 E - 0 3 3 2 . 0 0 8 . 5 1 2 F - 0 4
1 . 5 5 7 . 0 3 5 E - O 1 0 . 0 0 7 , 0n8 ' r - r  0 7 7 # P| O 8 • 1 8 7 F — 0 4
1 . 6 0 1 • 9  5 4 E - 0 1 9 . 2 ^ 6 . 6 7 2 E - 0 3 7 4 . 0 0 4 . 8 8 7 F - 0 4
1 . 6 5 1 . 8 7 6 E - 0 1 9 . 5 0 6 . 2 8 6 F - 0 3 7 5 . 0 0 4 . 6 F 7 P - 0 4
1 . 70 1 . 8 0 0 F - O 1 9 . 7 8 c . 9 6 6 f - ^ ' 3 7 6 . 0 0 4 . 3 5 5 F - 0 4
1 . 7 5 1 . 7 2 7 E - 0 1 1 0 . 0 0 8 . 6 7 0 E - 0 3 3 7 . 0 0 4 . 1 2 3 E - 0 4
1 . 8 0 i . 6 C7 F - 0 1 1 0 . 8 8 8 . 1  /+OF-  0 3 7 8 . 0 0 - . 0
A 1 . 5 0
W KN/ KO W KN/ KO W KN/ KO
c.0 3 . 2 1 6 E - 0 1 7 . 5 0 1 . 1 1 2 E - 0 1 1 6 . 0 0 3 . 2 O 6 F - 0 3
0 . 0 5 7 . 2 1 4 E - 0 1 2 . 7 ^ 0 . 8 O 8 E - 0 2 1 6 . 5 0 3 . 1 0 0 F - 0 3
0 . 1 0 7 . 2 0 8 E - 0 1 3 . 0 0 8 . 3 7 1 E - 0 2 1 7 . 0 0 2 . 9 7 1  cr—03
0 . 1 5 3 . 1 9 9 E - 0 1 3 . 2 5 7 . 2  5 4 E - 0 2 1 7 . 5 0 2 . 7 5 7 E - 0 3
0 . 7 0 7 . 1 8  6 E - 0 1 7 . 5 0 6 . 3 6 3 E - 0 2 1 8 . 0 0 7 . 6 O 6 F - 0 3
0 . 2 5 3 . 1 6 9 E - 0 1 3 . 7  6 5 . 6 i 6 E - 0 2 1 8 . 5 0 2 . 4 6 7 F - 0 3
0 . 3 0 3 . 1 4 8 E - 0 1 4 , 0 o 4 . Q 8 7 F - 0 2 1 9 . 0 0 7 . 7 0 O C - 0 3
0 . 3 5 3 . 1 2 4 E - 0 1 4 . 2  8 4 . 4 5 3 E  — 02 1 0 . 5 0 7 . 2 7 1 E - 0 3
0 . 4 0 7 . 0 9 7 E - 0 1 4 . 8 0 7 . 9 O 8 E - 0 2 2 0 . 0 0 7 . 1 1 7 r ~03
0 . 4 5 7 . 0 6 7 E - 0 1 4 , 7 er 7 . 6 0 7 F - O 2 7 1 . 0 0 1 . 9 1 6  F - 0  3
0 . 5 0 7 . 0 7 4 8 - 0 1 8 . 0 0 15 . 9 7 0 F - 0 ? 7 7 . 0 0 i . 7 4 6 f -  0 3
0 . 5 5 7 . 9 9 7 E - 0 1 5 . 2 5 2 . 9 7 6 E - 0 2 7 7 . 0 0 1 . 5 9 7 E - 0 3
0 . 6 0 7 . 9 5 8 E - 0 1 c 0 2 . 7 2 0 E - 0 2 2 4 . 0 0 1 . 4 6 7 F - 0 3
0 . 6 5 2 . 9 1 7 E - 0 1 8 . 7 8 2 . 4 ° 6 E - 0 2 7 5 . 0 0 1 . 3 8 2 F - 0 3
0 . 7 0 2 . 8 7 3 E - 0 1 6 . 0 0 2 . 7 ° 7 F - 0 2 7 6 . 0 0 1 . 2 8 0 F - 0 3
0 . 7 5 2 . 8 2 7 E - 0 1 6 . 2 5 2 . 1 2 1 E - 0 2 7 7 . 0 0 1 . 1 6 0 E - 0 3
0 . 8 0 2 . 7 7 0 E - 0 1 6 . 5 0 1 . O 6 5 F - 0 7 7 8 . 0 0 I . 0 7 5 8 - 0 3
0 . 8 8 2 . 7 2 9 F - 0 1 6 . 7 0 1 . 8 n 5 F - 0  7 7 9 . 0 0 1 . 0 0  6 8 - Q 5oer•c 2 . 6 7 8 8 - 0 1 7 . 0 0 1 . 6 9 9 0 - 0 7 0 0 . 0 0 9 . 5 9  5 8 - 0 6
0 . 0 8 7 . 6 2 5 F - 0 1 7 . 2 5 1 . 0 5 6 0 - 0 7 3 1 . 0 0 8 . 7 9 9 8 - 0 6
i . on 2 . 5 7 1 E - 01 7 . 5  0 1 . 4 8  3 E - 0 ? 3 2 . 0 0 8 . 7 5 8 8 - 0 6
1 . 0 5 ? . K 1 7 F - 0 1 7 . 7 5 1 . 7 Q 0 F - 0 2 0 o , 00 7 . 7 6 6 8 - 0 6
l . i o 7 . 4 6 1 F - 0 1 8 . 0 0 1 . 7 ^ 6 c - n 7 3 6 . 0 0 7 . 7 ] 6 8 - 0 6
1 . 1 8 7 . 4 0 5 F - 0 1 8 • 2 o 1 , 2 7 9 0 - 0 2 0 6 . 0 0 8 . 9 0 6 8 - 0 6
1 . 2 0 2 . 3 4 9 F - 0 1 8 . 5  0 1 . 1 o 9 F - 0  2 7 6 . 9 0 6 . 5 2 6 8 - 0 4
1 . 2 8 2 . 2 0 2 E - 0 1 8 . 7 0 1 . 0 9 4 F - 0 ? 3 7 . 0 0 6 . 1 7 5 8 - 0 4
1 . 8 0 2 . 2 3 5 E - 0 1 9 . 0 0 1 . 0 9  5 E - ^ 2 3 8 . 9 0 3 . 8 5 7 F - 0 4
i . 3 8 7 . 1 7 9 E - 0 1 9 . 2 5 9 . 8  0 1F -  0 3 3 9 . 9 0 5 . 6 6 1 E - 0 4
1 . 4 0 7 . 1 2 ? E - 01 9 .  on 9 . 7 9 6 F - 9 3 4 0 . 0 0 3 . 2 8 7 8 - 0 4
1 . 4 8 7 . 0 6 7 F - 0 1 9 . 7 5 8 . 8 7 9 F - 0 ? 4 1 . 9 0 9 . 0 5 7 8 - 0 6
1 . 8 0 7 . 0 1 1 0 - o i 1 0 . 0 0 3 . 3 0 7 0 - 0 3 4 2 . 9 0 6 . 7 0 6 8 - 0 6
1 . 8 8 1 • 9 5 6 F - 0 1 1 0 . 0 0 7 . 6 7  2 F - 0 3 4 Q. 0 n 4 . 6 7  5 r - 94
1 . 6 0 1 . 9 0 2 F - 0 1 1 1 . 0 0 6 . 9 6 9 8 - 0 3 4 4 . 9 0 4 . 5 6 9 8 - 0 6
1 . 6 8 1 . 8 4 9 E - 0 1 11 . 0 o 6 . 3 6 2 F - 0 3 4 5 . 0 0 4 . 1 7 7 8 - 0 4
1 . 7 0 1 . 7 9 6 E - 0 1 1 2 . 0 0 5 . 8 4 5 E - 0 3 4 6 . 0 0 5 . 9 9 5 8 - 0 4
1 . 7 5 1 . 7 4 5 E - 0 1 l ? . o o 0 . 0 0 9 8 - 9 3 4 7 . 0  0 3 . 8 3 0 8 - 0 4
1 . 8 0 1 . 6 9 5 F - 0 1 1 7 . 0 0 4 . 9 8 5 F - 0 3 4 8 . 0 0 3 . 6 7 7 8 - 0 4
1 . 8 5 1 . 6 4 8 E - 0 1 1 3 . 6 0 4 . 6 2 4 E - 0 3 4 9 . 0 0 3 . 5 7 3 8 - 0 4
1 . o o 1 . 8 9 7 F - 0 1 1 4 . 0 0 4 . 3 0 1 0 - 9 3 5 o . n n' 3 . 5 5 6 8 - 0 6
1 . 0 5 1 . 5 8 0 E - O 1 I 4 . c 0 4 . 0 1 0 E - 0 3 5 5 . 0 0 7 . 7 9 7 ^ - 0 4
7 . on 1 . 8 0 4 F - 0 1 1 0 . 0 0 7 . 7 6 8 8 - 0 7 6 0 . 0 0 o . O
2 . 2 5 1 . 2 9 3 E - 0 1 1 5 . 5 0 3 . 5 1  I E - 0 3 6 5 . 0 0 n .O
A 2 . 9 0
w KN/ KO W KN/ KO W KN/ KO
0 . 0 2 . 5 5 4 E - 0 1 2 . 7 5 1 . O 6 2 F - 0 1 1 7 . 9 0 3 . 8 7 1 8 - 0 3
9 . 0 5 2 . 5 5 3 F - 0 1 3 . 9 0 9 . 2 7 1 8 - 0 2 1 7 . 5 0 7 . 6 5 4 8 - 0 3
9 . 1 0 2 . 5 5 0 F - 0 1 7 . 2  5 8 . 2 6 6 F - 0 ? 1 8 . 0 0 3 . 4 5 6 8 - 0 3
9 . 1 5 2 . 5 4 5 F - 0 1 5 . 5 9 7 . 5 9 1 F - 0 2 1 8 . 5 0 7 . ? 7 n r - o ?
9 . 7 9 7 . 5 3 7 F - 0 1 7 . 7 8 6 . 6 7  0 E - 0 2 1 9 . 0 9 7 . 1 0 6 8 - 0 3
0 . 2 5 2 . 5 2 8 F - 0 1 4 . 0 0 5 . 9 6 9 E - 0 2 1 9 . 5 0 2 . 9 6 8 8 - 0 3
0 . 3 0 2 . 5 1 7 E - 0 1 4 . 2 5 5 . 7 9 3 E - 0 2 2 0 . 0 0 7 . 8 ^ 3 F - 0 3
0 . 3 5 2 . 8  0 4 F - 0 1 4 . 8 0 4 . 8 0 0 8 - 0 2 2 1 . 0 0 9 . 6 6 4 8 - 0 7
0 . 4 9 ? . 4 8 8 F - 0 1 4 . 7 8 6 . 6 5 1 8 - 0 2 2 2 . 0 0 2 . 3 1 9 8 - 0 3
9 . 4  5 2 . 4 7 1 F - 0 1 8 . 0 0 4 . 0 6 4 F - 0 2 ? 7 . on ? . 1 2 3 8 - 0 3
9 . 5 0 2 . 4 5 3 E - 0 1 5 . 2 5 3 . 7 2 4 F - 0 2 2 4 . 0 0 1 . 9 5 9 8 - 0 3
0 . 5 5 2 . 4 3 2 F - 0 1 9 . 5 0 7 . 6  2 3 8 - 0  2 2 8 . OQ 1 . 7 9 8 8 - 0 3
0 . 6 0 2 . 4 1 0 E - 0 1 5 . 7 5 7 . 1 5 5 F - 0 2 2 6 . 9 0 1 . 6 6 3 F - 0 3
9 . 6 5 2 . 3 8 7 F - 0 1 6 . 0  9 2 . 9 1 7 F - 0 2 2 7 . 9 0 1 . 5 6 3 F -  0 3
0 . 7 0 2 . 3 6 1 E - 0 1 6 . 2  5 2 . 7 9 6 F - 0 2 2 8 . 9 0 1 . 4 3 5 F - 0 3
9 . 7 5 2 . 3 3 5 E - 0 1 6 . 5 9 2 . 5 1 3 E - 0 2 2 9 . 0 0 1 . 3 3 8 F - 0 3
9 . 8 9 2 . 3 0 7 E - 0 1 6 . 7 5 2 . 7 6 ] 8 - 0 ? 3 0 . 9 0 1 . 2 5 9 8 - 0 3
9 . 8 5 2 . 2 7 8 F - 0 1 7 . 0 ^ 2 .  1 8 5 E -  0 2 7 1 . 9 0 1 . 1 7 1 8 - 0 3
9 .  o n 7 . 7 6 8 F - 0 1 7 .  ? 5 2 . 0 6 5 8 - 0 ? 3 2 . 0 0 1 . O Q o r - 0 3
0 . 9 5 2 . 2 1 7 F - 0 1 7 . 5 0 1 . 9 1 7 E - 0 2 3 7 . 0 0 1 . 0 7 4 8 - 0 3
1 . oo 2 . 1 8 5 E - 0 1  
1 . 0 5  2 . 1 5 2 E - 0 1
1 . 1 0  2 . 1 1 8 E - 0 1
1 . 1 5  2 . 0 8 4 E - 0 1
1 . 2 0  2 . 0 4 9 E - 0 1
1 . 2 5  2 . 0 1 4 E - 0 1
1 . 3 0  1 • 9 7 8 E - 0 1
1 . 3 5  1 • 9 4 2  E - 0  1
1 . 4 0  1 . 9 0 6 F - 0 1
1 . 4 5  1 . P 7 0 E - 0 1
1 . 5 0  1 . P 3 3 E - 0 1
1 . 5 5  3 . 7 9 7 E - 0 1
1 . 5 0  1 . 7 6 1 E - 0 1
i . 6  5 l . 7 2 4 E - 0  1 
1 . 7 0  1 . 6 8 8 E - 0 1
1 . 7 5  1 . 6 5 3 E - 0 1
1 . 8 0  1 . 6 1 7 F - 0 1
1 . 8 5  1 . 5 8 2 E - 0 1
i . Q O  i . R 4 8 E - 0 1  
1 . 9 5  1 . 5 ] 3 E - 0 1
3 . 0 0  ] . 4 7 9 E —01
2 . 2 5  1 . 2 ] R E - 01
2 . 2 0  1 . 1 7 2 E - 0 1
w K N / K O
2 . 0 7 .  10 8 E - 0 1
2 . 0 5 2 .  1 0 7 E - 0 1
0 . 1 0 2 .  1 0 6 F - 0 1
0 . 1.5 2 . 1 0 2  E - 0 1
2 . 2 0 2 . C 9 8 E - 0 1
0 . 2 5 2 . C 9 2 E - 0 1
n  .  30 2 . 0 8 6 E - 0 1
0 . 3 5 2 . 0 7 8 E - 0 1
0 . 4 0 2 . C 6 9 E - 0 1
2 . 4 5 2 . 0 5 8 E - 0 1
0 . 5 0 2 . 0 4 7 E —01
0 . 5 5 2 . C 3 5 E - 0 1
2 . 6 O 2 . 0 2 1 E - 0 1
0 . 6 5 2 . 0 0 7 E - 0 1
0 . 7 0 i  . 9 9 1 E - 0  1
2 . 7 5 1 . 9 7  5 E - 0 1
0 . 8 0 1 . 9 5 8 E - 0 1
0 . 8 5 1 . 9 4 0 E - 0 1
0 . 9 0 1 . 9 2 1 E - 0 1
0 . 9 5 1 • 9 0 2  E - 0  1
1 . 2 0 1 . P 8 1 E —01
1 . 0 5 1 . 8 6 0 E - 0 1
1 . 1 0 1 . 8 3 9 E - 2 1
1 . 1 5 1 . 8 1 7 E - 0 1
1 .  20 1 . 7 9 4 E - 0 1
7 . 7 6  ] . 8 0 0 5 - 0 2
8 . 0 0  1 . 6O4E- O0
8 . 2 5  1 . 5 9 7 E - 0 2
P . 5 0  1 . 5 2  8 E -  2 2
8 . 7 5  1 . 4 7 6 E - 0 2
o.OO ]
° . 2 5  l . 2 8 0 0 - ^ 2
9 . 5 0  1 . 2 1 6 0 - 0 2
9 . 7 0  1 . 1 5 6 E - 0 2
1 0 . 0 0  ] . l OOF- 02
1 0 . 5 0  i . o o n r - 0 2
1 1 . 0 0  9 . 1 3 2 E - 0 3
1 1 . 0 0  P . 3 7 1 F - 0 8
1 2 . 0 0  7 , 7 0 0 5 - 0 3
1 2 . 5 0  7 . 0 6 E - ^
1 2 . 0 0  6 . 5 7 8 E - n 3
1 2 . r o  6 . 1 0 5 6 - 0 3
1 4 . 0 0  o , 6 8 3 E — 22
1 4 . 0 0  6 . 7 0 7 6 - 0 3
1 0 . 0 0  4 . 9 5 9 E - 0 3
1 0 . 0  4 . 6 4 8 5 - ^ 3
1 6 . 0 0
1 6 • r' 0 4 . 1 2 6 F - 0 2
A 2 . 5 0
W K N / K O
7 . 0 2 9 . 6 7 9 E - 2 2
7 . 2 5 8 . 7 5 6 E - 0 2
3 . 5 0 7 . 9 6 1 5 - 2 7
3 . 7 5 7 . 2 4 8 E - 0 2
4 . 0 2 6 . 6 1 1 E - 0  2
4 . 2  5 6 . 0 4 2 E - 0 2
4 . 5 2 5 . 5 3 5 E - 0 2
4 . 7 6 5 . O 8 2 E - 0 2
5 . 0  0 4 . 6 7 8 E - 2 7
5 . 2 5 4 . 3 1 6 E - 0 2
c  .  60 7 . 9 9 1 E - n 7
5 . 7 6 7 . 7 0 0 E  — 23
6 . ^ 0 7 . 4 7 7 6 - 0 2
6 . 2 5 3 . 2 0 0 E - 0 2
6 . 5 2 2 . 9 8 6 6 —07
6 . 7 ^ 2 . 7 9 1 E - 0 2
7 . 0 0 2 . 6 1 4 E - 0 2
7 . 2 5 2 . 4 5 2 E - 0 2
7 .  K 0 2 . 7 0 5 6 - 0 2
7 . 7 6 2 . 1 7 0 6 - 0 2
8 . ^ 2 2 . 2 4 7 F - O 2
8 . 2 3 1 . 0  7 7 f  — 0 2
8 . 5 2 1 . 8 3 8 5 - n 2
8 . 7 5 1 .  73 2 E - 0  2
0 .  o p 1 . 5 4 2 5 - 2 2
3 4 . 2 0 O. 7 4 O 6 - - 0 4
35 . 0 0 2 . 1 9 2 E - - 0 4
36 . 0 0 8 . 6 9 0 F - - 0 4
7 7 . 0 0 8 . 2 2 7 F - - 0 4
38 . 0 0 7 . 8 0 1 F - - 0 4
7 Q cc. 7 . 4 ^ 6 - - 0 4
4 2 . 0 0 7 . 041  c -- 0 4
41 . 0 0 6 • 7 2 2 F - - 0 4
4 2 . n o 6 . 3 8 7 6 - - 0 4
4 7 . 0 0 6 • 0 O4 F - - 0 4
4 4 . 0 0 5 . 8 2 1 5 - - 0 4
45 . 0 0 5 , 5 6 5 6 - - 0 4
4 6 . 0 0 6 O3 2 6  5- - 0 4
4 7
c0. 5 . 1 2 7 6 - - 0 4
48 . 0 0 4 . 8 0 2 5 - - 0 4
4 9
cc. 4 . 6 0 5 6 - - 0 4
5 2 . 2 0 4 . 6 0 Q 6 - - 0 4
5 6 Cc• 7 . 7 2 7 6 - - 0 4
62 . 2 0 7 • 1 7 2 r -- 0 4
65 . 0 0 2 . 6 6 O F - - 0 4
7 2 . 0 0 2 . 7 0 7 6 - - 0 4
7 6 cc. 0 • 0
8 0 . 2 0 • q
W K N / K O
I P . 0 0  4 , 2Q0F- QR
1 8 . 5 0  4 . 0 6 4 E - 0 3
1 9 . 0 0  2 . R 5 6 r - Q 3
1 9 . 5 0  3 . 6 6 3 E - 0 3
7 2 . 0 0  3 . 4 R 5 F - 0 3
2 1 . 0 0  3 . 1 6 4 ^ —03
2 2 . 0 0  2 . 8 8 6 O - 0 3
2 2 . 0 0  2 . 6 4 2 0 - 0 3
7 4 . 2 0  7 . 4 7 Q F - 0 3  
2 5 . on 2 • 24OE- 0 3
2 6 . 0 2  7 . 0 - 7 2 0 - 2 7
2 7 . 0 0  1 . 9 2 3  F - Q3
2 8 . 2 0  1 . 7 P R F - 0 7
2 9 . 0 0  1 . 6 6 8 E - 0 3
3 2 . 0 2  1 . 3 R Q F - 0 3
3 1 . 0 0  1 . 4 6 O F - 0 3
3 2 . 0 0  1 . 3 7 1 E - 0 3
3 Q • 0 0  1 . 2 9 2 F - 0 3
2 4 . 2 0  1 . 2 1 5 F - 0 3
2 5 . 2 0  1 . 1 4 7 0 - 0 3  
2 6 . n 0 1 . o p 4 0 - 0 3
2 7 . 0 0  1 . 0 2 7 0 - 0 3
2 8 . 2 0  2 . 7 7 R F - 0 4
3 9 . 0 0  2 . 2 4 4 0 - 0 4
4 2 . 0 0  8 , 7 8 0 2 - 0 4
1 . 2  5 1 . 7 7 1 o - O l 9 . 2  6 1 . 5 6 0 E - 0  2
cc.r—1 8 . 3 6 7 ^ - 0 4
1 . 3 0 1 . 7 4 8 0 - 0 1 9 . 5 0 1 . 4 8 3 E - 0 2 4 2 . 0 0 7 . 9 7 4 6 - 0 4
1 . 3  5 1 . 7 2 4 E - 0 1 9 . 7 0 1 . 4 1  I E - 0 2 4 7 . 0 0 7 • 6 0 9 E ~ 0 4
1 . 4 0 1 . 7 0 Oc - r' 1 1 0 . 0 0 1 . 7 4 6 0 - 9 2 4 4 . 0  9 7 . 7 6 7 6 —04
1 . 4 5 1 . 6 7 6 E - 0 1 1 0 . 5 0 1 . 2 2 5 F - 0 2 4 5 . 0 0 6 . 9 4 9 6 - 0 4
1 . 5 0 1 . 6 5 1 E - 0 1 1 1 . 0 0 1 . 1 2  I E - 0 2 4 6 . 0 0 6 . 6 5 1 6 - 0 4
1 . 5 5 1 . 6 2  7 E - 0 1 1 1 . 5 0 1 . 0 2 9 E - 0 2 4 7 . 0 0 6 . 3 7 1 E - 0 4
1 . 60 1 • 6 0 2  E - 0 1 1 2 . 0 0 9 . 4 7 7 E - 0 3 4 8 . 0 0 6 . 1 9 O F - 0 4
1 . 6 5 1 . 5 7 7 E - 0 1 1 2 . 5 0 8 . 7  5 7 E - 0 3 4 9 . 0 0 6 . 8 6 3 6 - 0 4
1 . 70 1 . 5 8 2 E - 9 1 1 ^ . 0 0 8 . 1 1 5 F - ° 7 6 0 . 9 0 6 . 6 7 1 6 - 0 4
1 . 7 5 1 . 5 2 7 E - 0 1 1 7 . 5 0 7 . 5 4 0 E - O 2 5 6 . 0 0 4 . 6 5  5 E - 0 4
i . 8 0 1 . 5 0 2 0 - 0 1 1 4 . 0 0 7 . 0 2 4 6 - 0 3 6 0 . 0 0 7 . 9 1  3 r - 9 4
1 . 8 5 1 . 4 7 7 E - 0 1 1 4 . 5 0 6 . 5 5 9 E - 0 3 6 5 . 0 0 3 . 3 3 5 6 - 0 4
1 . 9 0 1 . 4 5 2 F - 0 1 l o . O O 6 . 1  7 8 6 - 0 7 7 0 . 0 0 7 . 8 7 6 r - 0 4
1 . 9 5 1 . 4  2 7 E - 0 1 1 5 . 5 0 5 . 7  5 6 E - 0 3 7 5 . 0 0 2 . 5 0 5 6 - 0 4
2 . no 1 . 4 0 2 F - 0 1 1 6 . 0 0 0 . 4 0 8 6 - 0 3 8 0 . 0 0 2 . 2 0 2 6 - 0 4
2 . 2 5 1 . 2 8 2 E - 0 1 1 6 . 5 0 5 . 0 9 1 6 - 0 3 8 5 . 0 0 1 . 9 5 1 6 - 0 4
9 . 6 0 1 . 1 6 7 0 - 0 1 1 7 . 0 0 4 . 8  0 ] 6 -  0 3 9 0 . 9 3 ^ 9•
2 . 7 5 1 . 0 6 1 E - 0 1 1 7 . 5 0
A
4 . 5 3 5 E - 0 3
' j . n n
9 5 . 0 0 9 . 0
W KN/ KO W KN/ KO W KN/ KO
0 . 0 1 . 7 9 0 0 —01 3 . 2 6 8 . 8 0 2 ^ - 0 2 1 9 . 0 0 4 . 6 Q 3 C —07
0 . 0 5 1 . 7 Q 0 F - 0 1 9 . * 9 8 . 2 0 0 6 - 0 2 1 0 . 6 0 4 . 7  4 6 F — 0 7
o . l O 1 . 7 8 8 E - 9 1 7 . 7 0 7 . 0 A 2 F - 0 2 7 9 . 0 0 4 . 1 6 3 6 - 0 3
0 . 1 5 1 . 7 8 6 E - 0 1 4 . 0 0 6 . O 9 9 F - 0 2 2 1 . 0 0 7 . 7 7 7 F - 0 3
0 . 2 0 1 . 7 8 4 F - 0 1 4 . 2  5 6 . 4 4 7 6 - 0 2 2 2 . 0 0 7 . 4 4 3 6 - 0 3
9 . 9 6 i . 7 8 0 0 - 0 1 4 . 0 0 c , 0 6 3 6 - 0 2 7 7 . 0 0 7 . 1 6 3 6 - 0 7
0 . 3 0 1 . 7 7 6 E - 0 1 4 . 7 6 5 . 0 2 2 E - 0 2 2 4 . 0 0 7 . 9 9 ] 6 - 9 7
0 . 3 5 1 . 7 7 1 E - 0 1 5 . 0 0 6 . 1 2  3 E - 0  2 2 5 . 0 0 2 . 6 7 6 F - 0 3
n • 4 0 1 . 7 6 5 E - 0 1 0 . 2 0 4 . 7  * 9 F - 0 2 2 6 . 0 0 2 . 4 7 6 6 - 0 3
0 . 4  6 1 . 7 5 8 E - 0 1 0 . 0 0 4 . 4 2 9 E - 0 2 2 7 . 9 0 7 . 7 9 8 E - 0 3
0 . 5 0 1 . 7 5 1 E - 0  1 0 . 7 0 4 . 1 2 9 E - 0 2 2 8 . 9 0 2 . 1 7 8 6 - 0 7
0 . 5 5 1 . 74  3 E - 0 1 6 . 0 0 7 . 8 6 5 E - 0 2 2 9 . 9 0 1 . 9 9 5 6 - 0 3
0 . 6 0 1 . 7 7 4 0 - 0 1 6 . 2 0 0 . 6 0 6 6 - 0 2 3 0 . 9 0 1 . 8 6 6 6 - 0 3
0 . 6 5 1 . 7 2 5 E - 0 1 6 .  OQ 3 . 3  7 8 E - 0 2 3 1 . 0 0 1 . 7 4 8 6 - 0 3
^ , 7 0 i . 7 1 6 E - 0 ! 6 . 7 * 0 . 1  7 0 E -  0 2 7 2 . 0 0 1 . 6 4 1 6 - 0 3
0 . 7 5 i . 7 0 4 E - 0 1 7 . 0 0 2 . 0 7 0 6 - 9 7 9 9 . 0 9 1 . 6 4 4 6 —0 3
0 . 8 0 1 • 6 9 3 E - 0 1 7 . 2 0 7 . 9 O 5 E - 0 2 3 4 . 9 0 i . 4 5 5 6 - 0 3
0 . 8 5 1 . 6 8 1 E - 0 1 7 . 5 0 2 • 6 4 4 E - 0 2 3 5 . 0 0 1 . 3 7 3 6 - 0 3
0 . QO 1 . 6 6 9 E - 0 1 7 . 7 * 7 , 4 Q6 E - 0 2 7 6 . 0 0 1 . 30 8 6 - Q7
0 . 9 5 1 . 6 5 6 E - 0 1 8 . 0 0 2 . 3 5 9 E - 0 2 3 7 . 0 0 1 . 2 3 0 E - 0 3
1 . 0 0 1 . 6 4  3 E - 0 1 8 . 2  6 2 . 2 3 3 6 - 0 2 7 8 . 0 0 1 . 1 6 6 6 - 0 3
1 . 0 5 1 . 6 2 9 E - 0 1 8 . 0 0 2 . 1 1 7 6 - 0 2 7 Q . O 0 1 . 1 0 7 6 - 0 7
1 . 1 0 1 . 6 1 4 F - o ] 8 . 7  6 7 # 9 ogpr _ q 7 4 9 . 0 0 1 . 0 3 7 6 - 0 7
1 . 1 5 1 • 5  9 9 E - 0 1 9 . 0 0 1 . O 0 8 E - 0 2 41 . 9 0 1 . 0 9 2 f — 0 7
1 . 2 0 1 . 5 8 4 E - 0 1 9 . 2 5 1 . 8 1 5 E - 0 2 4 2 . 9 0 9 . 5 5 4 6 - 0 4
1 . 2 5 1 . 5 6 9 E - 0 1 0 . 0 0 1 . 7 2 8 E - 0 2 4 3 . 0  0 9 . 1 1 7 E - 0 4
1 . 3 0 1 . 8 5 3 E - 0 1 9 . 7 0 1 . 6 4 8 E - 0 7 4 4 . 0 0 , 5 . 7 9  0 6 - 0 4
i . 8 5 1 . 5 8 7 E—01 i o . on 1 . 6 7 7 E - 9 ? 4 5 . 0 0 8 . R 2 7 F —04
1 . 49 ] . 5 2 0 F - O 1 1 0 , ^ 0 1 . 4 7 6 F - n 2 4 6 . 0 0 7 . 9 7 O F - 0 4
1 . 4 5 1 . 5 0 3 E - 0 1 1 1 . 0 0 1. . 81  6 E - n 2 4 7 . 9 9 7 . 6 7 6 F - 0 4
1 . 5 0 1 . 4 8 6 E -  0 1 1 1 . 50 1 . 2 1  OF - 0  2 4 8 . 0 0 7 . 0 2  2 ^ - 0 4
1 . 5 5 T • 4 6 9 E  — 01 1 2 . 0 0 1 . 1 1 6 E - n 7 4 9 . 0 0 7 . O 9 7 C - 0 4
1 . 6 0 1 . 4 5 1 E - 0 1 1 7 . 6 9 1 . 0 ^  R E - 0 2 5 0 . 0 0 6 . 7 R 0 F - 0 4
1 . 6 5 1 • 4 3 4 E — 01 1 Q . 00 0 . F R 4 E - 0 R 6 6 . 9 9 5 . 6  q 1 r - 0 4
1 . 70 1 . 4 1 6 E - 0 1 1 R , ^ 0 8 . ° 1 6 E - 0 R 6 0 . 0 0 4 . 6 9 2 F - 0 4
1 . 7 5 1 . 3 9 8 E - 0 1 1 4 . 0 0 8 . 3 1 4  F — 0 R 6 5 . o n R . QQQF- 04
1 • R 0 1 . ^ R O F - O ] 1 A . * 0 7 .  - 7 - mF- o? 70  . on R , 4 4 9 r - 0 4
1 . R5 1 . 7 6 2 E - 0 1 1 5 . 0 0 7 , 2 7 7 E - n ^ 7 5 . 0 0 R. on 5 r _ 0 4
i . 9 0 1 . 8 4 4 E - Q 1 1 c . 6 0 6 . R9 OF- OR 8 0 . 0 0 2 . 6 4 2 E - 0 4
i . 9 5 1 . 3 2 6 E - 0 1 1 6 . 0 0 6 . 4 2 2 E - 0 3 8 6 . 0 0 2 . 1 4 0 F - O 4
0 . 0 0 1 . R0 8 E - 0 1 1 6 . 5 0 6 . 0 4 9 E - 0 3 9 0 . 0 0 2 . 0 8 8 0 —04
2 . 2  5 1 . 2 1 7 E - 0 1 1 7 . 0 0 5 •  79 7 E - n 3 9 5 . 0 0 I . 8 7 4 0 - 0 4
2 . 50 1 . 1 2 9 E - 0 1 1 7 . ^ 0 6 . R 9 4 F - 0 R 1 0 0 . 0 0 1 . 6 9 1 r - 0 4
2 . 7 5 1 . Q 4  4  E — 01 1 8 . 0 0 5 . i O 5 E - 0 3 1 0 5 . 0 0 0 . 0
7 . 00 Q • 6 4 0 0 - ^ 2 1 8 . ^ 0 4 . R 0 9 F - 0 R 1 1 O . n 0 o . O
A 7 . 6 0
W KN/ KO W KN/ KO W KN/ KO
0 . 0 1 . 5 5 3 F - 0 1 R.  5 0 8 . 7 1  R E - 0 2 2 0 . 9 0 4 . 8 O 7 E - 0 3
O . 0 5 1 . 5 5 3 E - 0 1 R . 7 5 7 . 6 5 9 E - 0 2 2 1 . 0 0 4 . 3 7 i r —0 3
0 . 1 0 1 . 5 5 2 E - 0 1 4 . 0 0 7 . 1 4 1 E - 0 2 2 2 . 0 0 R . 9 9 1 F - 0 3
0 . 1 5 1 . 5 5 0 F - 0 1 4 . 2  5 6 . 6 6 0 E - 0 2 2 8 . 0 0 R . 6 5 8 F - 0 3
0 . 2 0 1 . 5 4 9 E - 0 1 4 . 5  0 6 . 2 1 4 E - 0 2 2 4 . 0 0 R . 3 6 5 F - 0 3
0 . 2 5 1 . 5 4 6 E - 0 1 4 . 7 6 6 . « O I F —02 2 5 . 0 0 8 . 1 0 6  F —0 8
0 . R 0 1 . 5 4  3 E - 0 1 5 . 0 0 5 . 4 2 1 E - 0 2 2 6 . 0 0 2 . 8 7 5 E - 0 3
0 .  R5 1 • 5 4 0 E - 0 1 5 . 2 5 5 . 0 7 1 E - 0 2 2 7 . n o 2 . 6 6 9 F - 0 3
0 . 4 0 i . 6 R 6 E - 0 1 R . r n 4 • 7 4 8 E - 0 2 2 8 . 0 0 7 . 4 8  5 r - 0 R
0 . 4 5 1 . 5 3 2 E - 0 1 5 . 7 5 4 . 4 5  I E — 02 2 9 . 0 0 2 . 8 1 8 F - 0 3
0 . 5 0 1 . 5 2 7 E - 0 1 6 . 0 0 4 . ] 7 8 E - 0 2 8 0 . 0 9 2 . 1 6 R F - 0 3
0 . 5 5 1 • 5  2 1 E - 0 1 6 . 2 6 3 • 9 2 6 E - 0 2 8 1 . 0 0 2 . 0 3 2 F - 0 3
0 . 6 0 1 . 5 1 5 E - 0 1 6 . 6 0 R • 6 9 4 E - 0 2 8 2 . 0 0 1 . 9 9 8 E - 0 8
0 . 6 5 1 . 5 0 9 E —01 6 . 7 C 7 . 4 8  OF- 0  7 7 7 , 0 0 1 . 8  r - 0  8
0 . 7 0 1 • 5 02 E - 0  1 7 . 0 0 R . 2 8 3 F - 0 2 8 4 . 0 0 1 . 6 O 7 r - 0 8
0 . 7 5 1 • 4  9 5 E - 0 1 7 . 2 6 R . 1 0 0 E - 0 2 8 5 . 0 0 1 . 6 O R F - 0 3
0 . 8 0 1 . 4 8 7 E - 0 1 7 . 5 0 2 . 9 7 7 E - 0 2 8 6 . 0 0 1 . 5 1 1 F — 0 7
0 . 8 5 1 . 4 7 9 E - 9 1 7 . 7 6 2 . 7 7  5 E - 0 2 8 7 . 0 0 1 . 4 3 1 F - 0 3
0 . 9 0 1 • 4  7 1 E - 0 1 8 . 0 0 2 . 6 8  OF - 0 2 8 8 . 0 0 1 . 3 5 7 F - 0 3
0 . 9 5 1 . 4 6 2 E - 0 1 8 . 2 5 2 . 4 9 6 E - 0 2 8 9 . 0 0 1 . 2 8 9 E - 0 3
1 . 0 0 1 . 4 5 2 E - 0 1 8 . 6 0 2 . 7 7 1 E - 0 2 4 0 . 9  0 1 . 2 2 6 F - 0 3
I . 0 5 1 . 4 4 R E - 0 1 8 . 7  6 2 . 2 5 5 E - 0 2 4 1 . 0 0 1 . 1 6  7 E- 0  3
1 . 1 0 1 . 4 8 3 E - 0 1 0 . 0 0 2 . 1 4 6 F - 0 2 4 2 . 0 9 i . t11 3 f -  0  3
1 . 1 5 1 . 4 2 3 E - 0 1 9 . R 6 2 . 0 4  5 E - 0 2 4 7 . 0 0 1 . 0 6 2 E - 0 3
1 . 2 0 1 . 4 1 2  E - 0 1 9 . 6n 1 . O 6 I F - 0 2 4 4 . 0 0 1 , 0 1 4 C~03
1 . 2 5 1 • 4 0 1 E - 0 1 9 . 7 6 1 . 8 6 2 E - 0 2 4 5 . 0 0 9 . 7 9  0 E~04
1 . 8 0 1 . RQQE- 01 1 0 . 0 0 ! . 7 8 0 c — n 7 4 6 . 9 9 9 . 7 8  6 r - 0 4
1 . 8 5 1 . 3 7 8 E - 0 1 1 0 . 6 0 1 • 6  2 9 E - 0  2 4 7 . 0 0 8 . 8 9 6 E - 0 4
1 . 4 0 1 . 3 6 7 E - 0 1 1 1 . 0 0 1 . 4 9 7 F - 0 2 4 8 . 0 0 8 . 5  7 9 r - Q 4
1 . 4 5 1 . 3 5 5 E - 0 1 1 1 . c 0 1 . 3 7 9 E - 0 2 4 9 . 0 0 8 . 1  8 7 F -  0 4
1 . 5 0 1 . 3 4 2 F - 0 1 1 2 . 0 0 1 . 7 7 5 5 - 9 7 8 0 . 0 0 7 . 8 8 8 P - 0 4
1 . 5 5 1 . 3 3 0 F - 0 1 1 2 . 8 0 1 . 1 8 1 E - 0 2 8 8 . 0 0 6 , 8  0  4  f — 0  4
1 . 6 0 1 . 3 1 7  F — 0 i i . on 1 . Oo r f - 0 2 6 O . 0 0 8 . 4 6 0 8 - 0 4
] . 6 5 1 . 3 Q 5 E - 0 ] 1 3 . 5 0 1 . 0 7 2 F - 0 7 6 5 . 0 0 4 . 6 6 7 F - 0 4
1 . 70 1 . 2  Q 2 F - 0 1 1 4 . 0 0 9 . 8 4 5 0 - 0 3 7 0 . n o 4 . 0 2 1 F - 0 4
1 . 7 5 1 . 2 7 9 E - 0 ] 1 4 . 8 0 8 . 9  8 1 E -  9 3 7 8 . 0 0 3 . 5  0  4  f -  0  4
1 . 8 0 1 . 2 6 8 F - 0 1 1 8 . 0 0 8 . ^ 7 2 8 - 0 ^ 8 9 . 0  0 3 . 0 R O F  — 04
1 . 8 5 1 . 2 5 2 E - 0 1 1 8 . 5 0 7 . 8 6 4 E - C 3 8 5 . 0 0 7 . 7 2 9 E - 0 4
i . 9 0 1 . 2 3 9 E - 0 1 1 6 . 0 0 7 . 4 0 0 E - 0 3 9 0 . 0 0 7 . 4 3 8 F - 0 4
1 . 9 5 1 . 2 2 5 E - 0 1 1 6 . 5 0 6 . 9 7 6 F - 0 3 9 5 . 0 0 7 . 1 8 8 9 - 0 4co.c\ ] . 2 1 2 E - 0 1 1 7 . 0 9 6 . 8 8 6 F - 9 3 1 0  9 . 9  0 1 . O 7 3 F - 0 4
2 . 2 5 1 . 1 4 3 E - 0 1 1 7 . 8 0 6 . 2 7 8 c - 0 3 1 0 5 . 0 0 1 . 7 8 9 F - 0 4
2 . 5 0 1 . 0 7 5 E - 0 1 1 8 . 0 0 8 . P OR F - 0 3 1 1 0 . 9 0 1 . 8 3 0 F — 0 4
2 . 7 5 1 . 00  8 E - 0 1 1 8 . 8 0 5 . 8 Q 3 E - 0 3 1 1 8 . 0 0 1 . 4 9  7 F - 0 4
8 . 0 0 9 • 4 2 8 F  — 0,7 1 0 . 0 9 8 . 3 1  1 F - 0  8 1 7 0 . 0 0 9 . O
2 . 2 8 8 . 8 0 7 - -  0 7 1 9 . 8 9 8 . O 4 QF-OO 1 7 8 . 0 0 9 . 0
A
0c.
w KN / KO w KN/ KO W KN/ KO
0 . 9 1 . 3 7 O E - 0 1 ° . 7 8 7 . 6 9 8 F - 0 2 7 2 . 0 0 4 . 5 2 6 c - 0 3
9 . 9 5 1 . 0 7 0 F - O I 4 . 0 0 7 . 1 8 7 F - 0 2 7 1 , 0 0 4 . I 5 2 9 - 0 3
9 . 1 0 i . 8 6 9 F -  01 4 . 7 5 6 . 7 9 O F - 0 2 7 4 . 0 0 7 .  P 2 1 F - 0 7
0 . 1 5 1 . 3 6 8 F - 0 1 4 . 8 0 6 • 3 7 o r - 0 7 7 8 . 0 0 7 . 5 7 9 F - 0 3
0 . 2 0 1 . 3 6 7 E - 0 1 4 . 7 5 5 . 9 5 2 E - 0 2 2 6 . 9 0 Q. 7 6 8 8 - 0 3
0 . 2 5 1 . 3 6 5 E - 0 1 5 . 0 0 5 . 6 0 0 E - 0 2 2 7 . 0 0 3 . O 3 5 F - 0 3
0 . 3 0 1 • 3 6 3 F - 0 1 8 . 2 8 5 . 2 7 1 F - 0 7 2 8 . 0 0 7 . 8 7 6 8 - 0 3
0 . 3 5 1 . 3 6 1 E - 0 1 5 . 5  0 4 . 9 6 5 E - 0 2 2 9 . 0 0 7 . 6 3 8 E - 0 3
9 . 4 0 1 . 3 5 8 F - 0 1 8 # 7  P 4 . 6 7 9 F - 0 2 3 0 . O 0 7 . 4 6 8 8 - 0 3
0 . 4 5 1 . 3 5 5 F - 0 1 6 . 0 0 4 . 4 1 4 F - 0 2 3 l  . 0 0 7 . 7 1 7 9 - 0 3
0 . 5 0 1 . 3 5 2 E - 0 1 6 . 2 8 4 . 16 7 E - 0 2 3 2 . 0 0 2 . 1 7 3 F - 0 3
0 . 8 5 1 . 3 4 8 F - 0 1 6 . 8 0 3 . 9 3 8 9 - Q 2 1 3 , 0 0 7 . 0 4 8 9 - 0 3
0 . 6 0 1 . 3 4 4 F - 0 1 6 . 7 5 3 . 7 2 5 E - 0 ? 7 4 . 0 0 1 . 0 2 8 8 - 0 3
9 . 6 8 1 . ^ 7 9 E - o i 7 . 0 0 3 . 8 2 6 F - 0 2 3 5 . 9 0 1 . 8 2 1 8 - 0 7
0 . 7 0 1 . 3 3 4 E - 0 1 7 . 2 5 3 . 3 4 2 E - 0 2 3 6 . 0 0 1 . 7 2 2 F - 0 3
0 . 7 5 1 . 3 7 9 E - 0 1 7 . 8 0 3 . 1 7 0 F - O 2 3 7 . 0 0 1 . 6 7 ] 9 - 0 3ccc.c 1 . 3 7 4 F - 0 1 7 . 7 8 3 . 0 1 o f - 0 2 7 8 . 0 0 1 . 5 4 7 8 - 0 3
0 . 8 5 1 . 3 1 8 F - 0 1 8 . 0  0 2 . 8 6  0 E - 0 2 3 9 . 0 0 1 . 470CT- 03
0 . 9 0 1 . 3 1 2  F - 0 1 8 . 7 8 2 . 7 7 1 F - 0 2 4 0 . 0 0 1 . 3 9 8 F - 0 3
0 . 9 5 1 . 3 0 5 F - 0 1 8 . 8 0 2 . 5 9  I E - 0  2 4 1 . 0 0 1 . 3 3 1 9 - 0 3
1 . 0 0 1 . 2 9 9 E - 0 1 8 . 7 5 2 . 4 6 9 E - 0 2 4 2 . 0 0 1 • 2 6 9 F - 0 3
1 . 0 5 1 . 2 9 2 F - 0 1 9 . 0 0 2 . 3 8 5 F - 0 2 4 7 . 0 0 1 . 2 1 1 8 - 0 3
1 . 1 0 1 . 2 8 5 F - 0 1 9 . 2 5 2 . 2 4 8 F - 0 2 4 4 . 0 0 1 .  1 5 7 F - 0 3
1 . 1 5 1•  2 7 7 F - 0  1 9 . 8 0 2 . 1 4 8 E - 0 2 4 5 . 0 0 1 . 1 0 6 8 - 0 3
1 . 2 0 1 . 2  70  F - 0 1 9 . 7 8 7 . 0 5 4 9 - 0 2 4 6 . 0 0 1 . 0 5 0 8 - 0 3
1 . 2 5 1 . 2 6 2 F - 0 1 1 0 . 0 0 1 • ° 6 6 F - 0  2 4 7 . 0 0 1 . O l  5 9 - 0 3
1 . 3 0 l . 7 5 4 E - 0 1 i 0 .  * 0 1 . p 0  5 9 -  0  2 4 P . 9 0 O.  7 O 3 F - 0 4
1 . 3 5 1 . 2 4 5 F - 0 1 1 1 . 0 0 1 . 6 6 3 F - 0 2 4 9 . 0  0 9 . 3 4 2 8 - 0 4
1 . 4 0 1 . 2 3 7 E - 0 1 1 1 . 5 0 1 . 5 3 6 E - 0 2 5 0 . 0 0 8 . 9 7 5 F - 0 4
1 . 4 5 1 . 2 2 8 E - 0 1 1 2 . 0 0 1 . 4 2 2 E - 0 2 5 5 . 0 0 7 . 4 2 4 E - 0 4
1 . 50 ] . 2 1 9 E - 0 1 1 2 . 5 0 1 . 3 2 0 E - 0 2 6 0 . 0 0 6 . 2 4 3 E - 0 4
1 . 5 5 1 . 2 1 0 E - 0 1 1 7 . 0 0 1 . 2 2 9 E - 0 2 6 5 . 0 0 5 . 3 2 3 E - 0 4
1 . 60 1 . 2 0 1 F—01 1 7 . 5 0 1 . 1 4 6 c — 0 2 7 0 . 0 0 4 . 5 O 2 F - 0 4
1 . 6 5 i . 1 9 1 E - 0 1 1 4 . 0 0 1 . 0 7 1 E - 0 2 7 F . n o 4 . 0 0  2 F - 0 4
1 . 70
i—i
ciLl)
C\jCO. 1 4 . * 0 1 . 0 0 3 E - 0 2
GC.coc 3 . 5 ] R F - 0 4
] . 7 5 1 . 1 7 2 E - 0 1 1 5 . 0 0 9 . 4 1 7 E - 0 3 8 5 . 0 0 7 . 1  17 F — 0 4
1 . 8 0 1 . 1 6 2 E - 0 1 1 5 . 5 0 8 . 8 F 4 E - 0 3 9 0 . 0 0 2 . 7  R 1 F - 0 4
1 . 8 5 1 . 1 5 2 F - 0 1 1 6 . 0 0 8 . 7 7 0 ^ - 0 3 9 5 . 0 0 7 . 4 0 7 F - 0 4
1 . on 1 . 1 4 2 F - 0 1 1 6 . 5 0 7 . 8 6 7 E - 0 3 1 on . no 2 . 2 5 3 F - 0 4
1 . 0 5 1 . 1 3 2 E - 0 1 1 7 . 0 0 7 . 4 3 3 E - 0 3 1 0 5 . 0 0 7 . 0 4 4 5 - 0 4
2 . 0 0 1. 12' » F - 0 1 1 7 . 5 n 7 . ^ 4 - - 0 7 1 1 0 , 0 0 i . R 6 3 F - 0 4
2 . 2 5 1 . 0 6 0 E - 0 1 1 8 .0 0 6 . 6 6 5 E - 0 3 n  * .oo 1 . 7  05  F - 0 4
2 . 50 1 . 0 1 6 E - 0 1 1 8 . 5 0 6 . F 2 4 E - 0 3 1 2 0 .0 0 1 . 5 6 6 r - 0 4
2 . 7 5 0 . 6 2 1 F - 0 2 1 0 .0 0 6 • 0 0 0 er —03 1 2 5 . 0 0 1 . 4 4 3 F - 0 4
2 • 00 g . 0 O 7 F - n 2 ] g . 5 n c ,7 1  0 F — 0 7 1 0 0 .0 0 1 . 7 0 4 ^ - 0 4
3 . 2 5 8 . 5 7 O F - 0 2 2 0 .0 0 * . 4 4 4 F - 0 3 1 7 5 . 0 0 0 . 0
”3 . 50 8 . 0 8 7 F - 0 2 2 1 .0 0 4 . O 5 4 F - 0 3
cc
.
c<}- n n•
A 4 . 6 0
w K N / K O w K N / K O W K N / K O
0 . 0 1 • 2  2 5 f - 0 1 4 . 0 0 7 . O 7 3 F - 0 2 2 4 . 0 0 4 . 7 6 8 F - 0 0
0 . 0 5 1 . 2 2 5 F - 0 1 4 . 2 5 6 • 6 ° 9 F - 0 2 2 8 . 0 0 7 . 9  4 3 F -  0 3
0 . 1  0 1 . 2 2 4 F - 0 1 4 . 5 0 6 . 7 4 3 er — n 2 2 6 . 0 0 3 . 6 6 4 r - 0 3
0 . 1 5 1 . 2 2 4 E - 0 1 4 . 7  5 6 . 0 0  5E —0 2 2 7 . 0 0 3 . 3 9 5  r - 0 3
0 . 2 0 1 . 2 2 3 E - 0 1 5 . 0 0 * . 6 8 4 E - 0 2 2 8 . 0 0 7 . 1 6 2 F - 0 7
0 . 2 5 1 . 2 2 1 E - 0 1 5 . 2 5 5 . 3 8  I E - 0 2 2 9 . 0 0 2 . 9 5 3 E - 0 3
O . ^ o 1 . 2 2 0 F -  3 1 ^ . 5 n 5 . O O 6 F - 0 2 3 0 . 0 0 7 . 7 6 7 F - 0 3
0 . 0 5 1 . 2 1 8 E - 0 1 5 . 7 5 4 . 8 7  8 E - 0 2 7 1 . 0 0 2 • 6 9 1. E - 0 3
0 . 6.0 1 . 2 1 6 E - 0 1 6 . 0 O 4 . 5 - 7 6 F - 0 2 7 2 . 0 0 7 . 6 7  6 F - Q 3
0 . 4 5 ] . 2 1 4 E - 0 1 6 . 2 5 4 . 3 3 9 E - 0 2 7 - 2 . 0 0 7 . 2 9 2 cr- 0 3
0 . 5 0 1 . 2 1 1 E - 0 1 6 . 5 0 4 . 1 1 8 E - 0 7 7 4 • 0 0 7 . 1 6 1 f - 0 3
0 . 5 5 1 . 2 0 9 E - 0 1 6 . 7 5 3 . 9 1 0 E - 0 2 7 5 . 0 0 7 . 0 4 1 F - 0 3
0 . 6 0 1 . 2 0 6 E - 0 1 7 . 0 0 7 . 7 1 5 E - 0  2 7 6 . 0 0 1 . 9 7 1 F - 0 3
0 . 6 5 1 . 2 0 2 E - 0 1 7 . 2 * 3 . 5 7 2 E - 0 2 3 7 . 0 0 1 . 8 2 9 F - 0 3
0 . 7 0 1 . 1 9  9 E - 0 1 7 . 5 0 3 . 3 6 1 E - Q2 3 8 . 0 0 1 . 7 3 6 F - 0 3
0 . 7 5 1 . 1 9 5 E - 0 1 7 . 7 5 3 . 2 0  I E - 0 2 3 9 . 0 0 1 . 6 4 9 F - 0 3
0 . 8 O 1 . 1 9 1 F - o i 8 . O 0 7 . o f o ^ - o 2 4 0 . 0 0 1 . 6 6 8 F - 0 7
ir\oc.G 1 . 1 8 7 E - 0 1 8 . 2  8 2 . 9 0 9 E - 0 2 41 . 0 0 1 . 4 9 4 F - 0 3
O . Q O 1 . 1 8  2 F - 0 1 8 . 5 0 7 . 7 - 7 6 F - 0 2 4 2 . 0 0 1 . 4 7 4 F - 0 3
0 . 9 5 1 . 1 7 8 E - 0 1 8 . 7 6 7 . 6 5 2 E - 0 2 4 Q . 00 1 . 7 8 9 F - 0 3
1 • 00 1 . 1 7 3 E - 0 1 9 . 0 0 2 . 57 5 E - o 2 4 4 . 0 0 1 . 7 O 9 F - 0 3
1 . 0 5 1 . 1 6 8 E - 0 1 9 . 2 5 2 . 4 2 5 E - 0 2 4 5 . 0 0 1 . 2 4 2 E - 0 3
1 . 1 0 1 . 1 6 2 E - 0 1 9 . 5 0 2 . 3 2 1 E - 0 2 4 6 . 0 0 1 . 1 8 9 F - 0 3
1 . 1 5 1 . 1 5 7 E - 0 1 9 . 7 5 2 . 2 2 4 E - 0 2 4 7 . 0 0 1 . 1 4 0 E - 0 3
1 . 2 0 1 . 1 5 1 E - 0 1 1 0 . 0 0 2 . 1 7 2 E - 0 2 4 8 . 0 0 1 . O O 7 F - 0 3
1 . 2 5 1 . 1 4 5 E - 0 1 1 0 . 6 0 1 • 96  3 E - Q 2 4 9 . 0 0 1 . 0 4 9 F - 0 3
1 . 3 0 1 . 1 3 9 E — 01 1 1 . 0 0 1 . 8 1 3 F - 0 2 6 0 . 0 0 1 . 0 0 8 ^ - 0 3
1 . 3 5 1 . 1 3 3 E - 0 1 11 . 5 0 1 . 6 7 8 E - 0 2 5 5 . 0 0 8 , 3 4 1  f - 0 4
1 . 4 P 1 .  1 2 7 F - 0 1 1 7 .  p n 1 .  5 5 8 F - 0 2 6 0 . 0 0 7 . 0 1 4 T - 0 4
1 . 4 5 1 .  1 2 0 E - 0 1 1 2 . 5 0 1 . 4 4 9 E - 0 2 6 5 . 0 0 * . 9 8 2 8 - 0 4
1 . 5 0 1 . 1 1 3 E - 0 1 1 3 . 0 0 1 . 3 5  I E - 0 2 7 0 . 0 0 5 . 1 6 2 F - 0 4
1 . 5 5 1 . ] 0 6 E - 0 1 1 3 . 5 0 1 • 2 6 2 E - 0 2 7 5 . 0 0 4 . 4 9 8 F - 0 4
1 . 6 0 1 . 0 9 9 F - 0 1 1 4 . 0 0 1 . 1 8 1 E - 0 2 8 0 . 0 0 3 . 9 5 5 P - - 0 4
1 . 6 5 1 . 0 9 2 E - 0 1 1 4 . 5 0 1 . 1 O 8 F - 0 2 8 5 . 0 0 4 . 5 0 5 F - 0 4
1 . 7 0 1 . 0 8 6 r - ° l l ^ . o n 1 . 0 4  I er- 0  2 9 A .  o n 7 . 1 2 7 F - 0 4
1 . 7 5 1 . 0 7 8 8 - 0 1 9 . 7 0 6 er — 0 3 0 ^ , 0 0 7 .  R O 7 F - 0 4
1 . 8 0 1 • 0 7 0 E - 0 1 1 6 . 0 0 9 . 7 7 6 8 - 0 3 1 0 0 . 0 0 2 . 5 3 4 5 - 0 4
1 . 8 5 1 . C 6 2 E - 0 1 1 6 . 5 0 8 . 7 7 0 E - 0 3 1 0 5 . 0 0 7 . 2  9  9  F -  0  4
1 . 9 0 1 . 0 5 5 E - 0 1 1 7 . 0 0 8 . 2 4 6 E - 0 3 1 1 0 . 0 0 2 . 0 9 5 E - Ö 4
] . 9 5 1 . 0 4 7 E - 0 1 1 7 . 5 0 7 . 8 0 9 E - 0 3 1 1 5 . 0 0 1 . Q 1 7 8 - 0 4
0 .  On i . 0 3 9 E - 0 1 1 8 . 0 0 7 . 4 0 5 0 - 0 3 1 2 0 . 0 0 1 . 7 6 1 ^ - 0 4
2 . 2 5 9 • 9 8 3 F - 0 2 1 8 . 5 0 7 . 0 7 I E - 0 3 1 2 5 . 0 0 1 . 6 2 3 E - 0 4
7 . 5 0 o . F 6 2 E - 0 2 1 0 . 0 0 6 . 6 F 4 E - 0 3 1 4 0 . 0 0 1 . 5 0 1 p - 0 4
2 . 7 5 9 . 1 3 4 E - 0 2 1 9 .  5 p 6 . 3 6 1 8 - 0 3 1 4 5 . 0 0 1 • 3 ° 7 ! r - 0 4oc.Cf' 8 . 7 0 6 F - 0 2 2 0 . 0 0 6 . 0 6 2 E - 0 3 1 4 0 . 0 O 1 . 2 9 4 F - 0 4
3 . 2 5 8 . 2 8 1 E - 0 2 2 1 . 0 0 5 . 5 2 1 E - 0 3 1 4 5 . 0 0 1 . 7 O 6 F - 0 4oir. '7 .  P 6 6 E - 0 2 7 7 . 8 - 6 . 0 4 9 0 - 0 3 1 5 0 . 0 0 0 . 0
3 . 7 5 7 • 4 6 2 E - 0 2 7 7 . 0 0 4 . 6 ^  4 F - 0 3 1 5 5 . 0 0 0 . 0
A 5 .  n 0
W K N / K 0 W K N / K 0 W K N / K 0
0 . 0 1 . 1 0 7 5 - 0 1 4 . 2 5 6 . 5 Q 9 F - 0 2 7 6 . 0 0 4 . 0 7  2 F - Q 4
0 . 0 5 1 . 1 0 7 F - 0 1 4 . 5 0 6 •  7 8 6 F - 0 2 7 7 . 0 0 3 . 7 4 8 F - 0 3
0 . 1  0 1 . 1 0 7 F - 0 1 4 . 7 5 5 . 9 8 5 E - 0 2 7 8 . 0 0 3 . 4 9 3 8 - 0 3
0 . 1 5 1 . 1 0 6 F - 0 1 5 . 0 0 5 . 6 9 6 F - 0 ? 2 9 . 0 0 7 . 2 6 7 F - 0 7
0 . 7 0 1 . 1 0  5 E - 0 1 4 . 7 4 4 . 4 7  I F —0 2 o n .  0 0 4 . 0 5 4 . t r - P 4
0 . 2 5 1 . 1 0 5 E - 0 1 4 . 9 0 5 . 1 6  0 E - 0 2 7 1 . 0 0 2 . 8 6 5 F - 0 3
0 . 4 0 1 .  1 0 7 f  — 0 1 4 . 7 c; 4 . 9 1 ]  F - 0  2 4 7 . 0 0 2 . 6 °  7 r - 0  4
0 . 4 5 1 . 1 0 2 F - 0 1 6 . 0  n 4 . 6 ’7 5 E  —0 2 4 4 . 0 0 2 . 5 4 6 F - 0 4
0 . 4  0 1 . 1 0 1 E - 0 1 6 . 7 * 4 . 4 4 2 F - 0 2 4 4 . 0 0 2 . 4 O 7 F - 0 4
0 . 4 5 1 . 0 9 9 E - 0 1 6 . 5 0 4 . 7 4 7 8 - 0 2 3 5 . 0 0 2 . 7 5 9 8 - 0 4
0 . 5 0 1 • 0 9 7 E - 0 1 6 . 7 5 4 . 0 4 2 E - 0 2 4 6 . 0 0 2 . 1 7 R 8 - 0 3
O . 4 5 1 . 0 9 5 F - 0 ] 7 . 0 0 7 . 8 5 4 F - 0 7 0 7 . 0 0 2 . 0 7 < , r - O 4
0 . 6 0 1 . 0 9 3 E - 0 1 7 . 7 4 7 . 6 7 7 8 —0 2 7 8 . 0 0 1 . 9 2 2 r - 0 3
0 . 6 5 1 . 0 9 0 F - 0 1 7 . * n 0 . 4 1 0 8 - 0 7 7 9 , 0 0 1 .  8 2 6 r - 0 7
O .  7 0 1 . 0 8 8 F - 0 1 7 . 7 5 7 . ^ 7 r - 0 7 4 0 . 0 0 1 .  4 ^ - 7 P - 0 3
0 . 7 5 1 . 0 8 5 E - 0 1 8 . 0 0 3 . 2 O 3 F - 0 2 4 1  . 0 0 1 .  6 5 4 F - 0 3
0 . 8 0 1 . 0 8 2 F - 0 1 8 . 2 5 3 . 0 6 3 8 - 0 2 4 2 . 0 0 1 . 5 7 8 4 - 0 3
0 . 8 5 1 . 0 7 ° F - 0 1 8 . 5 0 2 . 9 7 0 8 - 0 2 4 3 . 0 0 1 .  5 0 4 C- - 0 3
0 , 0 0 1 . 0 7 5 E - 0 1 8 . 7 4 7 . R O 5 E - 0  2 4 4 . 0 0 1 . 4 4 0 8 - O 3
0 . 9 5 i .  0 7 2 F -  0 1 Q .  O O 7 . 6 P 7 F - . n o 4 5 . 0 0 1 ,  4 -7 7 P - 0 0
1 . 0 0 1 . C 6 8 F - 0 1 0 . 2 * 7 . 5 7 6 8 - 0 2 4 6 . 0  0 1 . 3 1 8 8 - 0 3
1 . 0 5 1 .  0 6 4  E -  01 9 . 4 0 2 •  4  7 0 E  — n 7 4 7 . 0 0 1 . 2 6 4 5 - 0 3
1 . 1 0 1 . 0 6 0 E - 0 1 9 . 7 4 2 . 7 7 1 E - 0 2 4 8 . 0 0 1 . 2 1 2 8 - 0 3
1 . 1 5 i . 0 5 6 E - 0 1 1 0 . 0 0 2 . 2 7 7 8 - 0 2 4 9 . 0 0 1 . 1 6 3 8 - 0 3
1 . 2 0 1 . C 5 2 E - 0 1 1 0 . 4 0 2 .  1 ^ 3 4 - 0 7 4 O # 0 0 1 . 1 1 R F - 0 4
1 . 2 5 1 . 0 4 7 E - 0 1 1 1 . 0 0 1 . 9 4 8 8 - 0 7 5 4 . 0 0 ° . 2 5 3 5 - 0 4
1 . 3 0 1 . O 4  2 E - 0 1 1 1 . 5 0 1 . 8 0 7 8 - 0 7 6 0 . 0 0 7 . 7 8 5 5 - 0 4
1 . 3 5 1 • 0 7 3 5 - 0 1 1 2 . 0 3 1 . 6 ° l r - 0 7 8 F . 0 0 6 . 6  4 0 f  -  0 4
] . 4 3 1 • 0 3 3 F - 0 1 1 2 . 5 0 1 . 5 F 7 E — 3 7 7 0 . 0 0 5 . 7 0 0 F - Q 4
1 . 4 3 1 . 0 ? B E - 31 1 9 . 0 3 1 . 4 6 7 E - 7 2 7 5 . 0 3 4 . 0 0 4 5 - Q 4
1 . 53 1 • C ? 3 E - 31 1 3 . 5 0 i . 7 6 9 E - 0 2 3 9 . 0 0 4 . 3 0  2 p - 0 4
1 . 5 5 1 . C l 7 E - 0 1 1 4 . 0 0 1 . 2 8 4 E - 0 2 8 5 . 0 0 3 . 8 9 2 5 - 0 4
1 . 63 i . O l 2 5 - 0 1 1 4 . 5 n 1 . 7 7 6 E - 0 2 0 0 . 0 0 9 . 4 7 3 5 - 0 4
1 . 6 5 1 . C 0 6 E - 0 1 1 5 . 0 3 1 . 1 7  4 E - 0 2 9 5 . 0 0 3 . 1 1 8 5 - 0 4
1 . 7n i , 0 ^ 1 5  — 0 1 1 F . 50 1 , ^ Q r . n i 1 n n . 0 0 7 . 8 1 4 5 - 3 4
1 . 7 5 9 . 9 5 1 F - 9 2 1 6 . 0  3 i • 3 0 9 E — 0 2 1 0 5 . 0 0 7 . 5 5 3 5 - 0 4
1 . 8 3 9 . 8 9 2 E - 3 2 1 6 . c o 9 .  F 9 7 F — 0 3 1 1 3 . 0 0 7 . 3 2 7 5 - 0 4
1 . 8 5 9 . 8 3 3 E - 0 2 1 7 . 0 0 9 . 0 2 2 E - 0 3 1 1 5 . 0 0 2 . 1 2 9 E - 0 4
1 . 9 3 9 . 7 7 3 E - 0 2 1 7 . 5 0 8 . 5 F 1 E - 0 3 1 2 3 . 0 0 1 . 9 5 6 F - 0 4
1 . 9 5 9 . 7 1 2 E - 0 2 1 8 . 0 0 8 . 1 1 4 E - 0 3 1 2 5 . 0 0 1 . 8 9 3 5 - 0 4
9 . n n 9 . 6 5 OF —02 1 8 . 6 0 7 . 7 1 0 5 - ^ 7 19 0 # 00 1 . 6 4 7 5 - 0 4
7 . 2 5 9 . 3 2 9 E - 0 2 1 9 . 0 0 7 . 3 9 4 E - 7 3 1 7 5 . 0 0 1 . 5 4 6 5 - 0 4
9 . 53 8 • 9 9 3 E - 0 2 1 0 , 5 0 8 . 0 3 5 5 - 0 3 1 4 9 . 0  9 1 . 4 3  P 5 - 0 4
7 . 7 5 8 . 6 4 8 E - 0 2 2 0 . 0 3 6 . 6 ^ 9 8 - 0 7 1 4 5 . 7 0 1 . 3 4 0 5 - 0 4
1 , 0 0 8 . 2 9 9 E — 02 2 1 . 0 3 6 . 0 9 7 5 - 0 3 1 5 3 . 0 0 1 . 7 5 2 5 - 0 4
3 . 2 5 7 . 9 4 8 E - 02 2 2 . 0 0 5 . 5 5 7 E - 0 3 1 5 5 . 0 0 1 . 1 7 3 E - 0 4
7 . 5 7 7 . 6 3 0 F - 3 2 7 7 . 0 3 c; # 1 O 5 F _ 0 3 1 6 9 . 0 0 1 • 1 0 1 5 - 0 4
3 . 7 5 7 . 2 5 8 5 - 0 2 7 4 . 0 0 4 . 7 3 5 5 - 0 3 1 6 5 . 9 0 n . O
4 . 7 0 6 . 9 2 4 F - 0 2 7 ^ . 0 0 4 . 3 4 9 5 - o n 1 7 3 , 0 0 9 . 0
A 5 . FO
W K N / K O W K N / K O W K N / K O
0 . 9 1 • 0 1 O E - 0 1 4 .  FO 6 . 1 7 9 5 - 0 2 7 8 . 0 0 7 . 3 1 8 5 - 0 3
0 . 0 5 1 . 0 1 O E - O l 4 • 7 F 5 . 9 1 3 5 - 9 2 2 9 . 0 0 3 . F 6 7 5 - 0 3
9 . 1 9 1 . 0 0 9 5 - 0 1 F . 0 9 6 , A F / ; r - o i 0  9 . 0  0 7 . 7 4 1 5 - 0 3
9 . 1 5 1 . 0 0 9 E - 0 1 5 . 2 3 5 . 4 0 8 5 - 0 2 7 1 . 0 0 3 . 1 3 5 5 - 0 3
0 . 2  0 1 . 0 0 8 5 - 0 1 F . FO 5 . 1 7 9 5 - 0 2 7 7 . 0 0 9 . 9 4 7 5 - 0 7
0 . 2 5 1 . 0 0 8 E - 0 1 5 • 7 f 4 . 9 4 2 5 - 0 2 3 3 . 0 0 2 . 7 7 6 5 - 0 3
9 . 3 0 1 . 0 0 7 5 - 0 1 6 . 0 0 4 . 7 7 5 5 - 0 2 7 4 . 0 0 7 . 6 1 9 5 - 0 3
0 . 3 5 1 • 0 0 6 E - 0 1 6 . 2 6 4 . 5 1 7 5 - 0 2 3 5 . 0 0 7 . 4 7 5 5 - 0 3
9 . 4 0 1 • 0 O 5 E - 0 1 6 .  c 9 4 . 3 1  9 5 - 9  7 7 6 . o o 7 . 9 4 2 5 - 0 7
9 . 4 5 1 . 0 0 3 5 - 0 1 6 . 7 5 4 . 1  1 1 5 - 0 2 7 7 . 0 9 7 . 7 2 9 9 - 0 3
cLT.C 1 . 0 0 2 5 - 0 1 7 . 0 0 Q . 9 F 7 5 - 0 7 7 8 . 0 9 7 . 1 9 7 5 - 0 3
0 . 5 5 ] • O O O E - Q 1 7 . 2 5 3 . 7 8  2 E - 0 2 7 9 . 0 0 7 . 0 9 2 5 - 0 3
0 . 6 0 o . 9 8 6 5 - 0 2 7 .  Fp 3 . 6 7 0 5 - 0 2 4 3 . 0 9 1 . 9 9 F 5 - 0 3
0 . 6 5 9 . 9 6 7 5 - 0 2 7 . 7  3 3 . 4 6 7 5 - 0 2 4 1 . 0 0 1 . 8 1 5 5 - 0 3
0 . 7 0 9 . 9 4 7 5 - 0 2 8 . 0 0 3 . 3 2 2 5 - 0 2 4 7 . 0 0 1 . 7 7 1 5 - 0 3
0 . 7 5 9 . 9 2  5 E - 0 2 8 . 2 3 3 . 1 8 5 5 - 0 2 4 3 . 0 0 1 . 6 5 2 5 - 0 3
9 . 8  0 9 . 9 0 2 5 - 0 2 8 . 5 0 3 . 0 5 4 5 - 0 2 4 4 . 0 0 1 . 5 7 9 5 - 0 3
0 . 8 5 9 . 8 7 7 E - 0 2 8 . 7 3 2 . 9 3 1 5 - 0 2 4 5 . 0 0 1 . 5 1 1 5 - 0 3
0 . 9 0 9 . 8 5 1 5 - 0 2 9 . 0 9 7 . 8 1 3 5 - 0 7 4 6 . 0 0 1 . 4 4 7 5 - 0 7
9 . 9 5 9 . 8 2 4 5 - 0 2 9 . 7 3 7 . 7 0 2 5 - 0 2 4 7 . 0 0 1 . 3 8 7 5 - 0 3
1 . 0 9 9 . 7 9 6 5 - 0 2 9 . 5 9 7 . 5 9 7 5 - 0 2 4 8 . 0 0 1 . 7 3 9 5 - 0 3
1 . 0 5 9 . 7 6 6 E - 0 2 9 . 7 3 7 . 4 9 6 E - 0 2 4 9 . 0 0 1 . 2 7 7 5 - 0 3
1 . 1 0 9 . 7 2 5 5 - 0 7 1 0 . 0 9 7 . 4 9  1 .5 -0  7 F 0 . 0 0 1 • 7 7 7 5 - 0 7
1 . 1 5 9 . 7 0 2 E - 0 2 1 0 . 5 0 2 . 7 7  5 E - 0 2 5 5 . 0 0 1 . 0 1 6 5 - 0 3
1 . 7 0  9 • 6  6 9 E -  0 2
1 . 2 5  9 . 6 3 4 E - 0 2
1 . 5 0  9 . 5 9 R F - 0 2
1 . 5 5  9 . 5 6 1 E - 0 2
1 . 4 0  9 . 5 2 3 E - 0 2
1 . 4 5  9 . 4 8 4 E - 0 2
1 . 5 0  9 • 4 4 3  E—02
1 . 5 5  9 . 4 0 2 E - 0 2
1 . 6 9  9 . 3 6 0 E - 0 2
1 . 6 5  9 . 3 1 6 E - 0 2
1 . 7 9  9 . 2 7 2 E - 0 2
1 . 7 5  9 . 2 2 7 E - 0 2
1 . 8  9 9 . 1  81 F - 9 2
1 .  85 9 . ] 3  4 E - 0 2
1 . 9 0  9 . 0 8 6 E - 9 2
1 . Q5 o . 0 5 p f - 0 2
2 . 0 0  8 . 9  8 9 E - 9 2
7 . 2 5  8 . 7 3 2 F  — 02
7 . 5 0  8 . 4 6 2 F - 0 2
2 . 7 5  8 . 1 8 2 E - 0 2  
5 . no 7 • 8 9 4 E - 0 2
5 . 2 5  7 . 6  0 3 E - 0 2
3 . 5 9  7 . 3 1 1 9 - 0 2
5 . 7 5  7 . 0 2 1 F - 9 2
4 . 9 9  6 • 7 3 4 E - 0 7
4 . 2 5  6 . 4 5 5 E - 9 ?
1 1 . 0 9  2 . 0 6 7 E - 0 2
1 1 . 5 0  1 . 9 2 3 E - 0 2
1 2 . 0 0  1 . 7 Q 3 F - 0 2
1 2 . 5Q  1 . 6 7 4 E - 0  2
1 3 . 0 0  1 . 5 6 7 E - 0 2
1 3 . 5 0  1 . 4 6 9 E - 0 2
1 4 . 0 9  1 . 3 7OF - 0 2
1 4 . 5 0  1 . 2 9 7 E - 0 2
1 5 . 0 0  1 . 77 2 F - 0 2
1 5 . 5 0  1 . 1 5 3 E - 0 2
1 6 . 0 9  1 . OPQF- 02
1 6 . 5 0  1 . 0 3 0 E - 0 2
1 7 . 0 9  9 . 7 4 O F - 0 5
1 7 . 5 0  9 . 2 5 8 E - 0 3
1 8 . 0 0  8 . 7 O 2 F - 0 5
1 8 . 5 0  8 . 5 8 0 5 - ^ 3
1 9 . 0 9  7 . 9 5  8 5 - 0 3
1 9 . 5 0  7 . 5  8 4 F - 0  3
7 0 . 0  o
2 1 . 0 9  6 . 6 0 4 E - 0 3
7 7 . 0 0  6 . 0 5 0 E - 0 3
7 0 . 0 0  5 . 5 6 7 E - 0 3
7 4 . 0 0  5 . 1 3 0 8 - 0 3
7 c • 00 4 . 7 4 6 F - 0 3
7 6 . 0 0  4 , 4 0 2 0 - 0 3
7 7 . 0 0  4 . 0 0 5 8 - 0 3
6 °  . 0 0  8 . 5 5 1  8 - 0 4
6 5 . 0 0  7 . 7 9 5 F - 0 4
7 9 . 0 0  6 . 2 9 8 8 - 0 4
7 5 . 0 0  5 . 4 8 8 F - 0 4
8 0 . 0 0  4 . 8 7 7 8 - 0 4
8 6 . 0 0  4 . 7 7  8 F - 0 4
9 0 . 0 0  3 . 8 1  "7 f — 04
9 5 . 0 0  3 . 4 2 7 E - 0 4
1 0 9 . 0 0  3 . O Q 4 8 - 0 4
1 0 5 . 0 0  7 . 8 ^ 7 F - 0 4
1 1 0 . 0 0  7 . 5 5 R 8 - 0 4
1 1 5 . 0 0  2 . 3 4 1 F - 0 4
1 0 0 . 0 0  7 . 1 5 1 8 - 0 4
1 7 5 . 0 0  1 . 9 8 2 E - 0 4
1 8 0 . 0 0  1 . 8 8 3 8 - 0 4
1 8 5 . 0 0  1 . 0 0 0 8 - 0 4
1 4 0 . 9 0  1 . 5 8 1 F - 0 4
1 4 5 . 0 0  1 . 4 7 4 8 - 0 4
1 5 ^ . 0 0  1 . 3 0 0 0 - 0 4
1 5 5 . 0 0  1 . 2 9 0 F - 0 4
1 6 0 . 0 0  1 . 7 1 1 8 - 0 4
1 6 5 . 0 0  1 . 1 8 9 F - 0 4
170  # 00  1 . 0 0 3 F - 0 4
1 7 5 . 0 0  1 . 0 1 7 8 - 0 4  
1 3 0 . O O  O . 5 6 R 8 — 0 5
1 8 5 . 0 0  n . 0
A 6 .  A0
w K N / K O W KN/KO W KN/KO
0 . 0 9 . 2 7  BE — 02 4 . 7  5 6 . 8 n 5E — 02 8 0 . 0 0 7 . 6 7 2 9 - 0 9
0 . 0 5 9 . 7 7 7 F - 0 2 5 . 0 0  ^ . 5 8 7 F - 0 2 8 1 . 0 0 8 , 4 o o r - 0 3
0 . 1 0 9 . 2 7 5 E - 0 2 5 • 2 ^ 5 . 3 8 5 E - 0 2 3 7 . 0 0 8 . 1 9 8 F - 0 3
0 . 1 5 9 . 2 7 2 E - 0 2 5 . 5 0 5 . 1 4 0 F - 0 2 8 8 . 0 0 7 . 0 1 3 9 - 0 3
0 . 2 0 9 . 2 6  8 E - 0 2 5 . 7 5 4 . 9 3 3 E - 0 2 8 4 . 0 0 7 . 8 4 3 8 - 0 3
0 . 2 5 9 • 2 6 2 E - 0 2 6 . 0 0 4 . 7 8  3 E - 0 2 3 5 . 0 0 7 . 6 8 3 8 - 0 3
0 . 3 0 9 . 2 5 6 F - 0 2 6 . 2 8 4 . 5 4 2 E - 0 2 3 6 . 0 0 7 . 5 4 4 F - 0 3
0 . 3 5 9 . 2 4 8 E —02 6 • c 0 4 . 8 5 8 F - 0 2 8 7 . 0 0 7 . 4 1 7 8 - 0 3
9 . 4 0 0 . 2 3 9 E - 0 2 6 . 7 8 4 . 1 8 1 E - 0 2 8 8 . 0 0 7 . 7 8 o r —08
0 . 4 5 9 . 2 2 9 E - 0 2 7 . 0O 4 . 0 1 8 F - 0 2 8 0 . 0 0 7 . 1 7 6 8 - 0 8
0 . 5 0 9 . 2 1 8 E - 0 2 7 . 2 5 3 • 8  5 2 E - 0 2 4 0 . 0 0 7 . 0 7 1 F - 0 3
0 . 5 5 9 . 2 0 5 E - 0 2 7 . 6 0 8 . 6 9 8 E - 0 2 41 . 0 0 1 . 9 7 8 F - 0 9
0 . 6 0 9 . 1 9 1 E - 0 2 7 . 7 6 3 . 5 6 1 E - 0 2 4 2 . 0 0 1 . 8 8 2 F - 0 3
0 . 6 5 9 . 1 7 7 F - 0 2 8 . 0 0 3 . 4 1  I E - 0 2 4 3 . 0 0 1 . 7 Q7 F- 0 3
0 . 7 0 9 . 1 6 1 E - 0 2 8 . 2 5 3 . 2 7 8 E - 0 2 4 4 . 0 0 1 . 7 1 8 F - 0 3
0 . 7 5 9 . 1 4 4 F - 0 2 8 . 6 0 3 . 1 5 1 E - 0 2 4 6 . 0 0 1 . 6 4 4 8 - 0 3
80 9 . 1 2 5 F - 0 2 8 . 7 c 3 . 0 3  OF- 0 2 4 6 . 0 0 1 . 5 7 4 F - O 3ITCC.c ° . 10 6 E - 0 2 0 . 0 0 2 . 9 1 5 8 - 0 7 4 7 . 0 0 1 f  c ^ n n c - O I
0 . 9 0 9 . C 8 6 E - 0 2 0 . 2 8 7 . 8 0 5 F - 0 2 4 8 . 0 0 1 , 4 4 7 8 - 0 3
0 . 9 5 9 . 0 6 4 E - 0 2 9 . 5 0 2 . 7 O 1 E - 0 2 4 9 . 0  0 1 . 3 9 0 8 - 0 3
1 . 0 0 9 . 0 4 2 E - 0 2 9 . 7 o 2 . 6 O 2 E - 0 7 o o . n n 1 . 3 8 6 r - 0 7
1 . 0 5 9 . 0 1 8 F - 0 7 1 0 . 0 0 2 . 5 r' 7 P _ o 2 5 6 . 0 0 1 . 1 O A F - 0 7
1 . 1 0 8 . 9 9 4 E - 0 2 i o . on 7 . ^  I E - 0 7 6 0 . 0 0 Q . 3 l 4 r - 0 4
1 . 1 5 8 . 9 6 8 E - 0 2 1 1 . 0 0 2 . 1 7 OF- 0 2 6 6 . 0 0 7 . 9 4 7 F - 0 4
1 . 7 0 8 . C 4 P F - 0 ? 1 1 . 6 0 2 . 0 7 5 ^ - 0 7 7 0 . 0 0 6 . 8 6 O F - 0 4
1 . 2  5 8 . 9 1 4 F - 0 2 1 2 . 0 0 1 . 8 9 2 E - 0 2 7 5 . 0 0 5 . 9 8 1 F ~ 0 4
1 . 3 0 8 . 8 8 6 E - 0 2 1 2 . 5 0 1 • 7  7 1 E - 0  2 8 0 . 0 0 5 . 2 6 1 E - 0 4
1 . 3 5 8 . P 5 7 E - 0 2 1 3 , 0 0 1 . 6 6  I F - 0 2 8 6 . 0 0 4 . 6 6 3 F - 0 4
1 . 4 0 8 . 8 2  6 E - 0 2 1 3 . 5 0 1 . 5 ^ 9 8 - 0 2 9 0 . 0 0 4 . 1 6 1 r “ 04
1 . 4 5 8 . 7 9 5 E - 0 2 1 4 . 0 0 1 . 4 ^ 7 tr- 0 ? 9 c . o 0 3 . 7 3 7 er—04
1 . 5 0 8 • 7 6 3 E - 0 2 1 4 . 5 0 1 . 3 8  1 F - 0 2 l o o . o o 7 . 7 7 3 F - Q 4
1 . 5 5 8 . 7 3 0 E - 0 2 1 0 . 0 0 1 . 3 0 3 0 - ^ 7 i o c  # no 3 . 0 6 1 F —04
1 . 60 8 . 6 9 6 E - 0 2 1 5 . 5 0 1 . 2 3 1 E - 0 2 1 1 0 . 0 0 7 . 7 9 0 F - Q 4
1 . 6 5 8 • 6 6 2 E - 0 2 1 6 . 0 0 1 . 1 6 4 E - 0 2 1 1 6 . 0 0 7 . 5 5 3 F - 0 4
1 . 70 8 . 6 2  7 E - 0 2 1 6 . 5 0 1 . 1 0 3 E - 0 2 1 2 0 . 0 0 2 . 3 4  5 F - 0 4
1 . 7 5 8 • 5 9 0 E - 0 2 1 7 . 0 0 1 . 0 4 6 E - 0 2 1 2 5 . 0 0 2 . 1 6 2 E - 0 4
1 . 8 0 8 . 5 5 4 E - 0 2 1 7 . 5 0 9 . 9 2 8 E - 0 3 1 3 0 . 0 0 1 . 9 9 9 E - 0 4
1 . 8 5 8 . 5 1 6 F - 0 2 1 8 . 0 0 9 . 4 O 7 F - 0 3 1 7 6 , 0  0 1 . 8 6 4 F - 0 4
1 . 9 0 8 . 4 7 8 E - 0 2 1 8 . 5 0 8 . 9 8 1 E - 0 3 1 4 0 . 0 0 1 . 7 2  4 F - 0 4
1 . 9 5 8 • 4 3 9 E - 0 2 1 9 . 0 0 8 . 5  5 5 E - 0 3 1 4 5 . 0 0 1 . 6 0 7 F - 0 4
. 8 . 3 9 9 F - 0 2 1 ° .  50 8 . 1 ^ 8 r - 0 3 1 5 0 . 0 0 1 . 50 2 r ~04
2 . 2 5 8 . 1 9 2 E - 0 2 2 0 . 0 0 7 . 7 8 8 F - 0 3 1 5 5 . 0 0 1 , 4 O 7 C - 0 4
2 . 5 0 7 . 9 7 2 E - 0 2 2 1 . 0 0 7 . 1 1 7 E - 0 3 1 6 0 . 0 0 1 . 3 2 1 E - 0 4
2 . 7 5 7 . 7 4 2 E - 0 2 2 2 . 0 0 6 . 5 2 7 E - 0 3 1 6 5 . 0 0 1 . 2 4 2 F - 0 4
i , n n 7 . ^ 0 4 F - O 2 77 . 0 0 6 . 0 ^ 6 i r - r' 7 1 7 7 . 0 0 1 . 1 7 7 tr — Q 4.
3 . 2 5 7 . 2 6 1 E - 0 2 7 4 . 0 0 5 . 5 4 4 0 - 0 3 1 7 5 . 0 0 1 . 1 O 4 F - 0 4
3 . 5 0 7 . 0 ] 5 E - 0 2 2 5 . 0 0 5 . 1 o 2 E - 0 3 1 8 0 . 0 0 1 . O 4 4 c ~04
3 . 7 6 6 . 7 6 8 E - 0 2 2 6 . 0 0 4 . 7 6 4 F - 0 3 1 8 ^ . 0 0 0 . 8 3 1 F — 0 6
4 . 0 0 6 . 6 7 2  F—02 7 7 . 0 0 4 . 4 O 8 F - 0 3 1 Q 0 . o 0 0 . 7 6 8 0 - 0 6
4 . 2 5 6 . 2 7 9 E - 0 2 2 8 . 0 0 4 .  1 7 5 E - 0 3 1 9 5 . 0 0 8 . 8 O 4 E - 0 6
4 . 5 0 6 . O4 OE- O? 2 9 . 0 0 0 • 8 6 6 E - 0'5 7 0 0 . 0 0 r  . 0
A 6 . 5 0
W KN/ KO W K N / K O W KN/ KO
7 . 0 8 . 5 8  0 F - 0 2 6 . 0  7 8 . 4 7 2 r —07 ^ 7 . 7 0 7 . 4 4 4 0 - 0 3
0 . 0 5 8 . 6 8 0 E - 0 2 5 . 2 5 5 . 7 7 4 E - 0 2 3 8 . 0 0 3 . 7 4 6 F - 0 3
o . l O 8 . 5  7 9 F - 0 2 8 . 6 0 c . 0 8  1 F - 0 2 7 4 . 0 0 7 . 0 6 4 8 - 0 7
0 . 1  5 8 . 5 7 6 E - 0 2 5 . 7 6 4 . 8 9 3 E - 0 2 7 6 . 0 0 7 . 8 9 7 F - 0 3
0 . 7 0 8 . * 7 3 F - 0 7 6 . 0 7 4 . 7 1  1F — 0 2 7 6 . 0 0 7 . 7 4 3 F - 0 3
0 . 2 5 8 . 5 6 8 E - 0 2 6 • 7 c 4 . 8 7 6 E - 0 2 7 7 . 0 0 7 . 6 0 1 F - 0 3
0 . 3 0 8 . 5 6 3 E - 0 7 6 . 8 0 4 . 3 6 8 F - 0 7 3 8 . 0 0 7 . 4 7 7 0 - 0 3
0 . 3 5 8 . 5 5 7 E - 0 2 6 . 7 8 4 . 2 °  1 E - 0 2 3 9 . 0 0 2 . 3 4 8 F - 0 3
0 . 4 0 8 . 5 5 0 F - 0 2 7 . 0 0 4 . O4 4 F - 0 7 4 0 . 0 0 7 . 7 7 6 8 - 0 3
0 . 4 5 8 • 5 4 7  E - 0 2 7 . 2 5 3 • 8 9 2 E - 0 2 4 1 . 0 0 7 . 1 3 O F - 0 3
0 . 5 0 8 . 5 3 3 E - 0 2 7 . 5 0 3 . 7 4 7 E - 0 2 4 7 . 0 0 7 . 0 7 2 8 - 0 3
0 . 5 5 8 . 6 2 3 E - 0 2 7 . 7  ^ 7 . 6 0 8 E - 0 2 4 3 . 0 0 1 . 9 4 7 8 - 0 3
0 . 6 0 8 . 5 1 2  F - 0 2 8 . 0 7 3 . 4 7 4 E - 0 7 4 4 . 0 0 1 . 8 0 6 - —03
0 . 6 5 8 • 5  0 0 E - 0 2 8 . 2  8 3 . 3 4 6 E —02 4 6 . 0 0 1 . 7 7 5 8 - 0 3c:r.c 8 . 4 8 7 F - 0 2 8 . 6  7 7 . 7  7 4 r - 0  2 4 6 . 0 0 1 . 7 ^ 0 0 - 0 3
0 . 7 5 8 • 4  7 4 E - 0 2 8 . 7 8 3 . 1  0 7 F — 0 7 4 7 . 0 0 1 . 6 7 0 F - 0 3
n . 8 0 8 • 4 5 9 F - 0 2 9 . 0 0 7 . 9 0 5 5 - 0 ;? 4 8 . 0 0 1 . 5 6 4 r - 0  3
" . 8 8 8 . 4 4 4 E - 0 2 9 . 7 5 7 . 8 8 8 5 - 0 7 4  0  • 0  0 I . 5 0 7 5 - 0 3
n . Qo 8 . 4 2 8 5 - 0 2 9 . 5 0 2 . 7 8 6 r - o 2 5 0 .  0 0 1 . 4 4 3 5 - 0 3
o • 9 5 8 . 4 1 0 E - 0 2 9 . 7 5 2 . 6 8 8 5 - 0 2 5 5 . 0 0 1 . 1 9 6 5 - 0 3
1 . 0 0 8 . 3 9 2 E - 0 2 1 0 . 0 0 7 . 5 0 4 5 - 0 2 6 0 . 0 0 1 . 0 n 7 5 - 0 3
1 . 0 5 8 . 3 7 4 E - 0 2 1 0 . 5 0 2 . 4 2 0 5 - 0 2 6 5 . 0 0 8 . 5 9 7 5 - 0 4
1 . 1 0 8 . 3 5 4 E - 0 2 1 1 . 0 0 2 . 2 6 0 5 - 0 2 7 0 . 0 0 7 . 4 2 2 5 - 0 4
1 . 1 5 8 . 3 3 4 E - 0 2 1 1 . 5 0 2 . 1 1 4 5 - 0 2 7 5 . 0 0 6 . 4 7 3 5 - 0 4
1 . 2 0 8 . 3 1 2 E - 0 2 1 2 . o n 1 . 0 5 0 5 - 0 2 8 5 . 0 0 5 . 6 9 4 5 - 0 4
1 . 2 5 8 . 2 9 0 E - 0 2 1 2 . 5 0 1 . 8 5 7 5 - 0 2 8 5 . 0 0 5 . 0 4 7 5 - 0 4
i . 8 0 8 • 2 6 7 E - 0 2 1 8 . 0 0 1 . 7 4 5 5 - 0 2 9 5 . 5 0 4 . 5 5 5 5 - 0 4
1 . 3 5 8 . 2 4 4 E - 0 2 1 3 . 5 0 1 . 6 4 2 5 - 0 2 9 5 . 0 0 4 . 0 4 5 5 - 0 4
1 . 4 0 8 . 2 1 9 5 - 0 7 1 4 . 0 0 1 . 5 4 7 c r  — n? 1 5 5 . o n 3 . 6  5 7 5 - 0 4
1 . 4 5 8 . 1 9 4 E - 0 2 1 4 . 5 0 ' 1 . 4 5 9 E - 0 2 1 0 5 . 0 0 3 . 3 1 4 5 - 0 4
1 . 5 0 8 . 1 6 8 E - 0 2 1 5 . 0 0 1 . 3 7 8 5 - 0 2 1 1 0 . 0 0 3 . 0 2 1 5 - 0 4
1 . 5 5 8 . 1 4 2 E - 0 2 1 5 . 5 0 1 . 3 0 4 5 - 0 2 1 1 8 . 0 0 2 . 7 6 4 5 - 0 4
1 . 6 0 8 . 1 1 5 E - 0 2 1 6 . 0 0 1 . 2 3 5 E - 0 2 1 2 0 . 0 0 2 . 5 3 9 5 - 0 4
1 . 6 5 8 . 0 8 7 E - 0 2 1 6 . 5 0 1 .  1 7 1 E - 0 2 1 7 5 . 0 0 2 . 3 4 1 5 - 0 4
1 .  7 0 8 . 0 5 8 E - 0 2 1 7 . 0 0 1 . 1 1 1 0 - 0 2 1 7 0 . 0 0 7 . 1 6 5 5 - 0 4
1 . 7 5 8 . 0 2 9 E - 0 2 1 7 . 5 0 1 . 0 5 6 5 - 0 2 1 3 5 . 0 0 7 . 0 0 8 5 - 0 4
1 . 8 0 7 . 9 Q 9 E - 0 2 1 8 . 0 0 1 . 0 0 5 5 - 0 2 1 4 0 . 0 0 1 . 8 6 7 5 - 0 4
1 . 8 5 7 . 9 6 8 E - 0 2 1 8 . 5 0 9 . 5 6 9 5 - 0 3 1 4 5 . 0 0 1 . 7 4 1 5 - 0 4
1 .  9 0 7 . 9 3 7 E - 0 2 1 9 . 0 0 9 . 1 2 3 5 - 0 3 1 5 0 . 0 0 1 . 6 2 7 5 - 0 4
1 . 9 5 7 • 9 0 6 E - 0 2 1 9 . 5 0 8 . 7 0 7 5 - 0 3 1 5 5 . 0 0 1 . 5 2 4 5 - 0 4
2 .  n o 7 . 8 7 3 5 - 0 7 7 0 . 0 n 8 . 3 1 7 5 - 0 7 1 6 0 . 0  0 1 . 4 3 0 5 - 0 4
2 . 2 5 7 . 7  0 4 F - 0 2 2 1 . 0 0 7 . 6 1 0 E - 0 3 1 6 5 . 0 0 1 . 3 4 5 5 - 0 4
2 .  5 0 7 . 5 2  3 E - 0 2 2 7 . 0 0 6 . 9 8 6 E - 0 3 1 7 0 . 0 5 1 . 2 6 7 5 - 0 4
2 . 7 5 7 . 3 3 2 E - 0 2 7 3 . 0 0 6 . 4 8 5 5 - 0 3 1 7 5 . 0 5 1 . 1 9 6 5 - 0 4
o . o o 7 . ] 3 4 E - 0 2 7 4 . O o 5 . 9 4 5 5 - 0 8 1 8 0 . 5 5 1 .  1 3 0  F — 0 4
3 . 2 5 6 . 9 2 9 5 - 0 7 7 5 . 0 0 5 . 5 0 7 5 - 0 3 1 8 5 . 0 0 1 .  O - 7 O F - 0 4
3 . 5 0 6 . 7 2 1 E - 0 2 2 6 . 0 0 5 . 1 1 6 5 - 0 3 1 9 0 . 0 0 1 . 0 1 5 5 - 0 4
3 . 7 5 6 . 5 1 1 E - 0 2 7 7 . 0 0 4 • 7 6 3 E - 0 3 1 9 5 . 0 0 9 . 6 3 4 5 - 0 5
4 . 0 0 6 . 2 9 9 5 - 0 2 7 8 . 0 0 4 . 4 4 6 5 - 0 3 2 0 0 . 0 5 9 . 1 5 8 5 - 0 5
4 . 2 5 6 . 0 8 9 E - 0 2 7 9 . 0 0 4 . 1 5 9 5 - 0 3 2 0 5 . 0 0 8 . 7 1 8 5 - 0 5
4 . 5 0 8 . 8 8 0 E - 0 2 8 0 . 0 0 7 . 8  0  3 F — 0 3 2 1 5 . 5 5 8 . ^  R5 —0 5
4 . 7 5 5 . 6 7  4 E - 0 2 7 1 . 0 0 3 . 6 6 0 5 - 0 3 7 1 5 . 5 0 0 . 0
A
cc.F-
W K N / K O W K N / K O W K N / K O
0.0 7 . 9 8 0 5 - 0 2 * . 2 5 5 . 1 7 2 5 - 0 2 3 4 . 0 0 3 . 2 8 1 5 - 0 3
0 . 0  5 7 . 9 7 9 5 - 0 2 5 . 5 0 4 . 9 O 9 5 - 0 2 7 5 . 0 0 3 . 1 0 3 5 - 0 3
0 . 1 0 7 . 9 7 8 5 - 0 2 5 . 7 * 4 . 8 3 0 5 - ^ 2 ^ 6 . 0 0 2 . 9 3 0 5 - 0 3
0 . 1 5 7 . 9 7 6 5 - 0 2 6 . 0 * ' 4 . 6 6 5 5 - 0 2 3 7 . 0 0 7 . 7 R R 5 - 0 3
0 . 2 0 7 . 9 7 4 5 - 0 7 6 . 7 * 4 . 5 0 4 5 - 0 7 3 8 . 0 0 7 . 6 4 8 5 - 0 3
0 . 2 5 7 . 9 7 0 5 - 0 2 6 .  * 0 4 . ' * 4 8 5 - 0 2 3 9 . 0 0 7 . 5 1 8 5 - 0 3
0 . 3 0 7 • 9 6 6 E - 0 2 6 . 7 * 4 . 1 9 6 5 - 0 2 4 0 . 0 0 7 . 3 0 7 5 - 0 ^
ITr.c 7 . 9 6 1 5 - 0 7 7 . 0 0 4 . 0  F O r  — Q 2 4 1 . 0 0 7 . 7 8  5 5 - 0 ' *
0 . 4 0 7 . 9 5 5 5 - 0 2 7 . 7 ^ 7 . 9 0 9 5 - 0 2 4 7 . 0 0 7 . 1 8 0 5 - 0 3
0 . 4 5 7 . 9 4 9 E - 0 ? 7 . 5 0 3 . 7 7 2 F - 0 2 4 3 . 0 0 7 . 0 8 7 5 - 0 7
0 . 5 0 7 . 9 4 1 5 - 0 2 7 . 7 * 3 . 6 4 1  E - 0 2 4 4 . 0 0 1 . 9 9 1 5 - 0 3
o .  65 7 . 9 7 O F - 0 2 8 . 0 0 3 . ^ 1  4 T — 0 7 4 6 . 0 0 1 . Q O R r - 0 7
n .  6 0 7 • 9 2 4 F - 0 2 8 . 2 5 3 • 39  3 F - 0 2 4 6 . 0 0 1 . 8 2 5 F - 0 3
0 . 6 5 7 . 9 1 5 E - 0 2 8 . 5 0 3 . 7 7 6 6 - 0 2 4 7 . 0 0 1 . 7 5 O T - 0 3
0 . 7 0 7 . 9 0 5 E - 0 2 8 . 7 8 3 . 1 6 3 c - 0 2 4 8 . 0 0 1 . 6 7 9 6 - 0 3
0 . 7 5 7 . P O 4 E - 0 2 9 . 0 0 7 . 3 F 8 F - 0 3 4 9 . n o 1 . 6 1 3 F - 0 3
0 . 8 0 7 • P 8 2 E - 0 2 9 . ?  8 ? . 9 ^ ? r - 0 2 8 0 . 0 0 1 . 6 5 0 6 - 0 3
0 . 8 5 7 • 8 6 9 E - 0 2 9 . 5 0 2 • 8 c;? E - 0 2 5 5 . 0 0 1 . 2 8 5 F - 0 3
o .  Q0 7 . 8 5 6 E - 0 2 9 . 7 5 2 . 7 8 7 E - 0 2 6 ^ . 0 0 1 . 3 8 3 6 - 0 7ITC•c 7 . P 4 2 E - 0 2 1 0 . 0 9 2 . 6 6 5 F - 0 2 6 8 . 0 0 9 . 2 4 3 6 —0 4
1 . 0 0 7 . 8 2 8 E - 0 ? 1 0 . 8 0 7 . 4 Q 4 E - 0 ? 7 0 . 0 0 7 . 0 8 7 6 “ 04
] .  05 7 . 8 1 2 E - 0 2 1 1 . 0 0 2 . 3 7 6 E - 0 2 7 5 . 0 0 6 . 9 6 2 6 - 0 4
1 . 1 0 7 . 7 9 6 E - 0 2 1 1 . 5 0 2 . 1 9 0 E - 0 2 8 0 . 0 0 6 . 1 2 5 E - 0 4
1 .  1 5 7 . 7 8 0 E - 0 ? 1 2 . 0 0 7 . 3 8 7 F - ^ 7 8 5 . 0 0 6 . 4 3 0 6 —0 4
1 .  ?o 7 . 7 6 0 F - O 9 1 7 . 8 0 1 , Q U F - n 9 9 n  .  n o 4 . 8 4 ^ 6 - 0 4
1 . 7  5 7 . 7 4 4 F - 0 ? 1 8 . 0 0 1 . 8 3 0 6 - 0 2 9 8  .  n o 4 . 7 5 3 6 - 0 4
1 . 8 0 7 . 7 2 6 E - 0 2 1 8 . 8 0 1 . 7 1 6 F - 0 7 1 0 0 . 0 0 3 . 9 3 1 6 - 0 4
1 . 3 5 7 . 7 0 7 E - 0 2 1 4 . 0 0 1 . 6 1 9 E - 0 2 1 0 5 . 0 0 3 . 8 6 7 F - 0 4
1 . 4 0 7 . 6 8 7 E - 0 2 1 4 . 8 0 1 . 5 3  OE- 0 2 1 1 0 . 0 0 3 . 7 6 1 6 - 0 4
1 . 4 5 7 . 6 6 6 E - 0 2 1 5 . 0 0 1 . 4 4 7 E - 0 2 1 1 5 . 0 0 2 . 9 7 6 E - 0 4
1 . 5 0 7 . 6 4 5 E - 0 2 1 5 . 5 0 1 . 3 7 1 E - 0 2 1 2 0 . 0 0 7 . 7 3 4 E - 0 4
1 . ^ 5 7 . 6 2 3 E - 0 2 1 6 . 0 0 1 . 3  0 0 c - 0 2 1 2 6 . 0 0 7 . 5 2 3 6 - 0 4
1 . 6 0 7 . 6 0 1 E - 0 2 1 6 . 5 0 ] . 77 4 E - 0 2 1 3 0 . 0 0 7 . 3 3 0 6 - 0 4
1 . 6 5 7 . 5 7 8 E - 0 2 1 7 . 0 0 1 • 1 7 3 E -  O 2 1 3 5 . 0 0 7 . 1 6 1 6 - 0 4
1 .  70 7 . 5 5 5 F - 0 2 1 7 . 5 0 1 . 1 1 6 F - 0 2 1 4 r . o n 2 . 0 1 0 6 - 0 4
1 . 7 5 7 . 5 3 1 E - 0 2 1 8 . 0 0 1 . 0 6 7 F - 0 2 1 4 5 . 0 0 1 . 8 7 4 6 - 0 4
1 . 8 0 7 . 5 0 6 E - 0 2 1 8 . 5 0 1 . 0 1 3 E - 0 2 1 5 0 . 0 0 1 . 7 5 2 F - 0 4
1 . 8 5 7 . 4 8 1 E - 0 2 1 9 . 0 0 9 . 6 6 2 E - 0 3 1 5 5 . 0 0 1 . 6 4 1 E - 0 4
1 . 9 0 7 . 4 5 5 E - 0 2 1 9 . 5 0 9 . 2 2 8 E - 0 3 1 6 0 . 0 0 1 . 5 4 O F - 0 4
1 . 9 5 7 • 4 2 9 E - 0 2 7 0 . 0 0 8 . 8 2 1 E - 0 3 1 6 5 . 0 0 1 . 4 4 8 6 - 0 4
7 . 0 0 7 . 4 0 3 E - 0 2 7 1 . 0 0 8 . O 8 1 E - 0 3 1 7 0 . 0 0 1 . 7 6 4 6 - 0 4
2 . 2 5 7 . 2 6 3 E - 0 2 7 2 . 0 0 7 . 4 2 8 E - 0 3 1 7 5 . 0 0 1 . 2 8 8 E - 0 4
2 . 5 0 7 . 1 1 2  E - 0 2 7 3 . 0 0 6 . 8 4 8 E - 0 3 1 8 0 . 0 0 1 . 2 1 7 6 - 0 4
2 . 7 5 6 . 9 5 3 E - 0 2 7 4 . 0 0 6 . 3 3 2 E - 0 3 1 8 5 . 0 0 1 . 1 5 2 6 - 0 4
3 .0 0 6 . 7 8 6 E - 0 2 .0 0 5 • 3 7 ] r - 0 3 1 9 0 . 0 0 1 . 0 9 3 6 - 0 4
3 . 2 5 6 . 6 1 3 E - 0 2 7 6 . 0 0 5 . 4 6 8 E - 0 3 1 9 5 . 0 0 1 • 0 3 7 P - 0 4
3 . 5 0 6 . 4 3 6 E - 0 2 7 7 . On 5 . 0 8  5 F - 0 3 2 0 0 .0 0 3 . 8 6 1 6 - 0 5
3 . 7 5 6 . 2 5 6 E - 0 2 7 8 . 0 0 4 . 7 4 9 6 - 0 3 2 0 5 . 0 0 9 . 3 8 7 6 - 0 5
4 . 0 0 6 • 0 7 4 E - 0 2 2 9 . 0 0 4 . 4 4 4 E - 0 3 2 1 0 .0 0 8 . 9 4 5 6 - 0 5
4 . 2 5 5 . 8 9 1 E - 0 2 3 0 . 0 0 4 . 1 6 8 6 - 0 3 2 1 5 . 0 0 8 . 5 3 5 6 - 0 5
4 . 5 0 5 . 7 0 9 E - 0 2 3 1 . 0 0 3 . 9 1 6 E - 0 3 2 2 0 .0 0 8 . 1 6 1 F - 0  5
4 . 7 5 5 . 5  2 8 E - 0 2 3 2 . 0 0 3 . 6 8  5 E - 0 3 2 7 5 . 0 0 7 . 7 9 4 E - 0 5
5 . 0 0 5 . 3 4 9 E - 0 2 7 7 . 0 0 7 . 4 7 8 E - 0 3 7 7 0 . 0 0 n .  0
A 7 .  R 0
W K N / K O W K N / K O W K N / K O
0 . 0 7 . 4 5 7 E - 0 2 5 . 5 0 4 • 9 0 2 E - 0 2 3 6 . 0 0 3 . 1 3 2 E - 0 3
0 . 0 5 7 . 4 5 7 E - 0 2 5 . 7 5 4 . 7 5 0 E - 0 2 3 7 . 0 0 2 . 9 7 2 E - 0 3
0 .1 0 7 . 4 5 6 E - 0 2 6 . 0 0 4 , 6 ° 0 E - 0 2 7 8 . 0 0 7 . 8 7 3 F - 0 3
0 . 1 5 7 . 4  5 4 E - 0 2 6 . 2 5 4 . 4 5 4 E - 0 2 3 9 . 0 0 7 . 6 8 5 E - 0 3
0 .2 0 7 . 4 5 2 6 - 0 2 6 . 6 0 4 . 3 1  I E - 0 2 4 0 . 0 0 7 . 5 5 7 6 - 0 3
0 * 2 5 7 •4 4 9 E - 0 2 6 . 7 5 4 . I 7 2 E - 0 2 4 1 . 0 0 7 . 4 7 8 F - 0 3oCf•C 7 . 4 4 6 E - 0 2 7 . 0 0 4 . 0 7  6 E - 0  2 4 2 . 0 0 7 . 7 ? p r - Q 3
o . 3 5 7 . 4 4 2 E - 0 2 7 . 2 5 3 . 9 ^ 5 8 - 0 2 4 3 . 0 0 2 . 2 2 3 c - 0 3
0 . 4 0 7 . 4 3 7 E - 0 2 7 . 5 0 3 . 7 7 8 E - 0 2 4 4 . 0 0 2 . 1 2 5 F - 0 3
0 . 4 5 7 . 4 3 2 E - 0 2 7 . 7 5 3 • 6 5 4 E - 0 2 4 5 . 0 0 7 . 0 3 4 F - 0 3
0 . 5  0 7 . 4 2 6 F - 0 2 8 . 0 0 3 . 5 7 5 E - 0 2 4 6 . 0 0 1 . 9 4 9 8 - 0 3
0 . 5 5 7 . 4 1 9 E - 0 2 8 . 2 5 3 . 4 2 0 E - 0 2 4 7 . 0 0 1 . 8 6 9 F - 0 7
0 . 6 0 7 . 4 1 2 5 - 0 2 8 . 5 Q 7 . 3 ^ 9 5 - 0 2 4 8 . 0 0 1 . 7  9 4 r  — 0 7
0 . 6 5 7 . 4 0 4 E - 0 2 8 . 7  5 3 . 2 0 l E - 0 2 4 9 . 0 0 1 . 7 2 3 F - 0 3or-.o 7 . 3 9 5 E - 0 7 o . 00 7 . 0 O 8 E - 0 2 5 ^ . 0 0 1 . 6 5 6 ^ - 0 7
0 . 7 5 7 . 3 8 6 E - 0 2 9 . 2 5 2 • ° 9 9 E - 0 2 5 5 . 0 0 1 . 7 7 4 E - 0 3
0 . 8 0 7 . 0 7 7 F - 0 ? o . 50 2 . o ^ 3 E - 0 2 6 O . 0 0 1 . i 5 8 F - 0 3
n . 8 5 7 . O 6 7 E - 0 ? ° . 7 5 2 . 8 1 0 E - 0 2 6 5 . 0 0 9 . 8 8 7 F - 0 4cO
'm
o
7 . 3 5 6 E - 0 2 1 0 . 0 0 2 . 7 7 2 E - 0 2 7 0 . 0 0 8 . 5 4 0 8 - 0 4
0 . 0 5 7 . 3 4 4 E - 0 2 1 0 . 5 0 2 . 5 5 4 E - 0 2 7 5 . 0 0 7 . 4 8 0 8 - 0 4
1 . 0 0 7 . 3 3 2 E - 0 2 1 1 . 0 0 2 . 3 9 9 E - 0 2 8 0 . 0 0 6 . 5 5 5 F - 0 4
1 . 0 5 7 . 3 2 0 E - 0 2 1 1 . 5 0 2 • 2  5 5 E - 0 2 8 5 . 0 0 5 . 8 1 3 F - 0 4
1 . 1 0 7 . 3 0  7 E - 0 2 1 2 . 0 0 2 . 1 7 3 E - 0 2 9 0 . 0 0 6 . 1 8 9 F - 0 4
1 . 1 5 7 . 2 9 3 E - 0 2 1 2 . 5 0 2 . n n r ) E - 0  7 9 5 . 0 0 4 . 6 6 n F - 0 4
1 . 2 0 7 . 2 7 9 E - 0 2 1 7 . 0 0 1 . 5 8 7 5 - ^ 7 1 0 0 . 0 0 4 . 7  n 8 8 - 0 4
1 . 2 5 7 . 2 6 4 E - 0 2 1 o . 50 1 . 7 8 2 E - 0 2 1 0 5 . 0 0 3 . 8 1 9 E - 0 4
1 . 4 0 7 • 2 4 8 E - 0 2 1 4 . 0 0 1•  6 Q 4 E - 0  7 1 1 0 . 0 0 7 . 4 8 1 r - 0 4
1 . 3 5 7 • 2 3 2 E - 0 2 1 4 . 5 0 1 . 5 0 4 E - 0 2 1 1 5 . 0 0 3 . 1 8 6 F -  0 4
1 . 4 0 7 . 2 1 6 E - 0 2 1 5 . 0 0 1 . 5 1 0 E - 0 2 1 7 0 . 0 0 7 . 9 7 7 E - 0 4
1 . 4 5 7 . 1 9 9 E - 0 2 1 5 . 5 0 1 . 4 3 3 E - 0 2 1 7 5 . 0 0 7 . 6 9 9 F - 0 4
1 . 5 0 '7 . 1 8 2 E -  0 2 1 6 . 0 0 1 . 7 6 O F - 0 2 1 7 0 , 0 0 7 . 4 9 6 8 - 0 4
1 . 5 5 7 . 1 6 4 E - 0 2 t 6 . 5 0 1 . 2 9 3 E - 0 2 1 3 5 . 0 0 2 . 3 1 5 ^ - 0 4
1 . 6 0 7 • 1 4 5 E - 0 2 1 7 . 0 0 1 . 2 3 0 E - 0 2 1 4 0 . 0 0 2 . 1 5 3 F - 0 4
1 . 6 5 7 . 1 2 6 E - 0 2 1 7 . 5 0 1 . 1  7 1 E -  0 2 1 4 5 . 0 0 2 . 0 O 7 E - 0 4
1 . I O 7 . 1 0 7 E - 0 2 1 8 . 0 0 l . l i 6 E - 0 2 1 5 0 . 0 0 1 . 8 7 6 8 - 0 4
1 . 7 5 7 . 0 S 7 F - 0 2 1 8 . 5 0 1 . O 6 5 F - 0 2 1 5 5 . 0 0 1 . 7 5 7 8 - 0 4
1 . 8 0 7 . 0 6 7 E - 0 2 i o . on 1 . O 1 7 F - 0 2 1 6 ^ . ^ o 1 . 6 4 9 8 - 0 4
1 . 8 5 7 . 0 4 6 E - 0 2 1 0 . 5 0 9 . 7 2 2 E - 0 3 1 6 5 . 0 0 1 . 5 5 1 E - 0 4
1 , o n 7 . 0 2 4 E - 0 2 7 0 . 0 0 Q . 0 o o c _ p q I 1 0 . 0 0 1 . 4 6  1.F — 04
1 . 9 5 7 . 0 0 3 E - 0 2 2 1 . 0 0 8 . 5 7  I E - 0 3 1 7 8 . 0 0 1 . 7 7 9 5 - 0 4
? . 0 0 6 . 9 8 1 E - 0 2 72 . CO 7 . 8 5 1 8 - 0 3 1 8 0 . 0 0 1 . 7 0 4 F - 0 4
2 . 2 5 6 . 8 6 4 E - 0 2 7 3 . 0 0 7 . 2 4 6 E - 0 3 1 8 5 . 0 0 1 . 2 7 4 E -  0 4
2 . 50 6 . 7 7 8 8 - 0 2 7 4 . 0 0 6 . 7 ^ ? F - 0 1 1 QO. 0 0 1 . 1 7 0 r  -  Q 4
2 . 7 5 6 . 6 0 3 E - 0 2 2 5 . 0 0 6 . 2 2  3 E - C 3 1 9 5 . 0 0 1 . 1 1 1 8 - 0 4
3 . 0 0 6 . 4 6 2 E - 02 7 6 . 0 0 5 . 7 P 9 E - 0 7 7 0 0 , 0 0 1 . 0 5 6 ^ - 0 4
3 . 2 5 6 . 0 1 5  E- 0  2 7 7 . 0 0 5 . 3 ° 8 E - 0 3 7 0 5 . 0 0 1 . O O 6 F - 0 4
o . 5 0 8 . 1 6 4 E - 0 2 7 8 . 0 0 5 . O 4 4 F  — op 2 1 0 . O 0 ° . 5 8 7 8 - 0 5
3 . 7 5 6 . 0 0 9 E - 0 2 7 9 . 0 0 4 . 7 7 3 E - 0 3 2 1 5 . 0 0 9 . 1 4 7 5 - 0 5cc.<}- 5 . 8 5 1 E - 0 2 7 0 . 0 0 4 . 4 7 1 8 - 0 0 7 2 0 . 0 0 8 . 7 7 p r —08
4 . 2 5 5 • 6 9 2 F - 0 2 7 1 . 0 0 4 . 1 6 5 E - 0 3 2 2 5 . 0 0 8 . 3 4 9 5 - 0 5
4 . 5 0 5 . r' 3 3 F  — 0 2 7 2 . 0 0 3 . 9 2  2 er —07 7 7 0  # no 7 . 9  9 O tr — 0 5
4 . 7 5 5 . 3 7 3 E - 0 2 1 ^ , 0 0 3 . 6 9 9 E - 0 3 2 7 5 . 0 0 7 . 6 5 4 F - 0 5
5 . 5 . 2 1 4 5 - 0 2 7 4 . 0 0 3 . 4 9 5 8 - 0 3 2 4 0 • oo 7 . 7  7 0 r - 0  5
5 . 2 5 5 . 0 5  7 F - o p 7 5 . 0 0 7 . 7  7 5 E -  0 0 7 4 5 . 0 0 0 r \•
w KN/ KO w
0 . 0 6 . c 9 8 E - 0 2 5 . 7 7
n . 0 5 6 . 9 9 8 E - 0 2 6 . 0 0
n .  1 9 6 . 9 9 7 8 - 7 2 6 . 7 5
0 . 1 3 6 . 9 9 6 E - 0 2 6 . 5 0
9 . 2 n 6 • 9 9 4 E - 0 2 6 . 7 5
7 . 2 9 6 . 9 9 2 E  — 0 7 9 . 0 0
9 .  oq 6 • 9 8 9 E - 0 2 7 . 7 5
^ • 3 5 6 . 9 8 5 5 - 0 7 7 . 5 0o.c 6 . 9 8 2 E - 0 2 7 . 7 5
3 . 4 9 6 . 9 7 7 E - 0 2 8 . 0 0
0 . 5  0 6 . 9 7 2 E - 0 2 8 . 2 5
0 . 5 5 6 . 9 6 7 E - 0 2 8 . 5  0
9 . 6 0 6 . 9 6 1 E - 02 8 . 7 5
0 . 6 5 6 . 9  5 4 E - 0 2 9 . 0 0
9 . 7 0 6 . 7 4 7 P - O 2 0 . 7  5
0 . 7 5 6 • 9 4 0 E - 0 2 9 . 5 0
0 . 8 0 6 . 9 3 2 E - 0 2 0 . 7 5
9 . 8 5 6 . 9 2 3 E - 0 2 1 0 . 0 0
0 . 9 0 6 . 9 1 4 E - 3 2 1 0 . 5 0
0 . 9  5 6 . 9 0 5 5 - 0 2 1 1 . 0 0
1 . 0 9 6 . 8 0 5 5 - 0 2 1 1 . 5 0
1 . 0 5 6 . 8 8 4 E - 0 2 1 7 . 0 0
1 . 1 0 6 . 8 7 3 F - 02 1 7 . 5 0
1 . 1 5 6 . 8 6 2 E - 0 2 1 9 . 0 0
1 . 2 0 6 . 8 5 0 F - 0 2 1 3 . 5 0
1 . 2 5 6 . 8 3 8 E - 0 2 1 4 . 0 0
1 . 3 0 6 . 8 2 5 E - 0 2 1 4 . 5 0
1 . 3 5 6 . 8 1 1 E - 0 2 1 5 . 0 0
1 . 4 7 6 . 7 9 8 E - 0 2 1 5 . ^ 0
1 . 4 5 6 . 7 8 4 E - 0 2 • >6. 00
1 . 50 6 . 7 6 9 E - 0 2 1 6 . 5 0
1 . 5 5 6 . 9 5 4 E - 0 7 1 7 . 0 0
1 . 60 6 . 7 3 9 E - 0 2 1 7 . 5 0
1 . 6 5 6 . 7 2 3 E - 0 2 1 8 . 0 0
1 . 7 0 6 . 7 0 6 E - 0 2 1 8 . 5 0
1 . 7 5 6 • 6 9 0 E - 0 2 1 9 . 0 0
1 . 8 9 6 . 6 7 3 E - 0 2 1 9 . 5 0
1 . 8 5 6 . 6 5 5 E - 0 2 7 0 . 0 0
1 . 9 7 6 . 6 3 7 5 - 0 7 9 1 . 0 9
1 . 9 5 6 . 6 ] 9 E - 0 2 7 7 . 0 0
2 . 0 0 6 • 6 0 0 E - 0 2 l ' ’ , 0 0
2 . 2 5 6 • 5 0 2 E - 0 2 2 4 . 0 0
2 . 5 9 6 . 3 9 5 F - 0 7 7 5 . 0 9
2 . 7 5 6 . 2 8 1 E - 0 2 7 6 . 9 0
3 . 0 7 6 . 1 6 1 E - 0 2 7 7 . n o
9 . 2 5 6 . 0 ? 5 E - 0 9 7 8 . 0 0
7 . 50 5 . 9 0 5 E - 0 2 9 0 . 0 0
3 . 7 5 5 . 7 7 1 E - 0 2 • ^ 0 . 00
4 . 0 0 5 . 6 3 4 E - 0 2 9 1 . 9 0
4 . 2 5 5 . 4 9 5 E - 0 2 9 2 . 0 0
KN/ KO W K N /  K 0
. 6 5 8 E - 0 2 9 8 . 9 0 2 . 9 0 6 5 - 0 3
. 5 2 3 5 - 0 2 3 9 . 0 0 2 . 8 5 0 ^ - 0 3
. 3 0  0 5 - 0 2 4 5 . 0 0 7 . 7 1 5  F ~ 0 9
• 2 5 9 E - 0 2 4 1 . 0 0 7 . 5 8 9 E - 0 3
.  19 2 E - 0 2 4 2 . 0 0 2 . 4 7 ] 5 - 0 3
. 9 0 7 E - 0 9 4 3 . 9 0 7 . 3 6 1 F - 0 3
. 8 9 5 5 - 0 3 4 4 . 0 9 7 . 7 5 8 5 - 0 0
. 7 6 7 5 - 0 2 4 5 . 9 0 2 . 1 6 2 E - 0 3
• 6 5 2 E - 0 2 4 6 . 0 0 2 . 0 7 2 5 - 0 3
. 9 4  o r - 0  2 4 7 . 0 n 1 . 9 8  7 5 - 0  3
. 4 3 1 E - 0 2 4 8 . 0 0 1 . 9 0 7 F - 0 3
. 3 2 6 F - 0 2 4 9 . 0 0 1 . 8 9 2 F - 0 3
. 2 7 4 5 - 0 2 5 0 . 0 0 1 . 7 6 1 F - 0 3
. 1 7 6 5 - 0 2 5 ^ . 0 0 1 . 4 6 7 5 - 0 3
. 0 9  l .nr -02 6 9 . 0 0 1 . 7 8 7 5 - 0 3
. 9 9 9 6 - 0 2 6 5 . 9 0 1 . 9 5 o r - 0 3
. 8 5 0 E -  0 2 7 9 . 9 0 Q . O Q 5 6 - 0 4
• 7 6 4 E - 0 2 7 ^ . 0 0 7 . 9 3 6 - - 0 4
. 6 0 2 E - 0 2 8 9 . 0 0 6 . 9 8 4 E - 0 4
. 4 5  OE- 0 2 8 5 . 9 9 6 . 1 9 3 E - 0 4
. 3 1 0 r _ 0 2 9 0 . 9 9 5 . 5 3 0 6 - 0 4
. 1 7 9 E - 0 2 9 5 . 9 0 4 . 9 6 7 5 - 0 4
. 9 5 8 5 - 0 2 1 5 9 . 9 0 4 . 4 8 5 5 - 0 4
• 94  5 E - 0 2 1 0 5 . 9 0 4 . 0 7 1 5 - 0 4
. 8 4 0 5 - 0 3 1 1 5 . 0 9 9 . 7 1 1 5 - 0 4
. 7 4 3 E - 0 2 1 1 5 . 0 0 9 . 8 0 5 6 - 0 4
. 6 5 2 E - 0 2 1 2 0 . 0 0 3 . 1 2 1 E - 0 4
. 5 6 7 E - 0 2 1 ? 5 . 0 0 2 . 8 7 7 E - 0 4
. 4 °  ° E - ° 2 1 8 0 . 0 0 7 . 6 6 1 5 - 0 4
. 4 1 5 E - 0 2 1 9 5 . 9 0 7 . 4 6 8 5 - 0 4
. 9 4  7 E - 0  2 1 4 0 . 9 0 2 . 2 9 5 E - 0 4
. 7 8 3 E - 0 2 1 4 5 . 0 0 7 • 1 4  0 E -  0 4
. 7 2 9 5 - 0 2 1 5 0 . o 0 7 . 0 0  0 c - 0 4
. 1 6 7 E - 0 2 1 5 5 . 0 0 1 . 8 7 4 F - 0 4
. 1 1 4 E - 0 2 1 6 0 . 0 0 1 . 7 5 9 5 - 0 4
. 0 6 5 E - 0 2 1 6 5 . 0 0 1 . 6 5 4 5 - 0 4
. 0 1 9 F - 0 2 1 7 5 . 9 0 1 . 5 5 8 5 - 0 4
. 7 * 3 E - 0 3 17 5 . 0 0 1 . 4 7 ] 5 - 0 4
. ° 6  0 E - 0 3 1 8 9 . 0 0 1 . 8 0 0 6 - 0 4
• 2 5 5 E - 9 3 1 8 5 . 0 0 1 . 3 1 6  F - 0 4
. 6 2 8 5 - 9 3 1 9 9 . 0 0 1 . 7 4 2 .6 - 0 4
. 9 6 7 E - 0 9 1 9 5 . 0 0 1 . 1 8 5 5 —04
. 5 6 9 5 — 09 2 9 0 . 0 ° 1 • 1 7 7 5 - 0 4
. 1 1 0 5 - 0 3 2 9 5 . 0 0 1 . ^ 7 2 5 - 0 4
• 7 o 1 E - 0 3 7 1 9 . 0 0 1 . 0 7 2 5 - 0 4
. 90 1F - 9 9 7 1 5 . 0 0 0 . 7 5 1 5 - 0 5
. Q9 5 E - 0 3 7 2 9 . 9 0 9 . 0 1 8 5 - 0 5
. 6 9 9 5 —03 2 2 5 . 0 0 8 . 0 0 4 6 - 0 3
. / ^ Q 6 - 0 3 2 9 0 . 9 0 8 . 5 7 2 i r- 0 5
, T RZfE-03 7 9 5 . 0 0 8 . 1 6 8 6 - 0 5
4
4
4
4
4
4
7
3
3
-2
3
3
7
3
3
2
?
2
2
2
2
2
2
]
1
1
1
1
1
1
1
1
1
1
1
1
1
9
8
8
7
7
6
6
9
9
4
4
4
4
4 . 5  0 5 . 1 5 5 8 - 0 2 0 ^ . 0 0LTr-• r^ . 7 1  5 E - 0 2 9 4 . 0 0
c; n nn • 5 . C 7 4 F - 0 2 9 5 . 0 0
5 . 2 5 4 . 9 3 4 E - 0 2 9 6  . O r
5 . 5 0 4 . 7 9 5 E - 0 2 7 7 . 0 0
A
W K N / K O w
r  . 0 6 . 5 9 2 F - 0 2 6 . 0 p
9 . 0 5 6 . 5 9 2 E - 0 2 6 . 2 5
o . i o 6 . ^ 9 1 8 - 7 1 2 6 . 5 0
9 .  1 5 6 . 5 9 0 F - 7 2 6 . 7 7
0 . 2 0 6 • c 8 9 7 - 0 2 7 . 0 0
0 . 2  5 6 . 5 8 7 E - 0 2 7 . 2 5
0 . 3  0 6 . 5 8 4 E - 0 2 7 . 5 0
9 . 3 5 6 • 5 8 2 E - 0 2 7 . 7 5
n . 4 o 6 . 5 7 8 8 - 0 2 8 . 0 0
o . 4 5 6 . 5 7 5 8 - 0 2 8 . 2 ^
o . 5 0 6 . 5 7 Q E - 0 2 8 . 5 0
0 . 5 5 6 . 5 6 6 E - 0 2 8 . 7 5
9 . 6 ^ 6 . 5 6 1 E - 7 ? 9 . 0 0
0 . 6 5 6 . 5 5 5 E - 0 2 9 . 2 5
0 . 7 0 6 . 5 4 9 E - 0 2 9 . 5 0
0 . 7 5 6 . 5 4 3 E - 0 2 9 . 7 5
0 . 8 0 6 . 5 3 6 E - 0 2 1 0 . 0 0
0 . 8 5 6 . ^ 2 9 E - 0 2 1 0 . 5 0
0 . 9 0 6 . 5 2 2 E - 0 2 1 1 . 0 0
0 . 9 5 6 . 5 1 4 E - 0 2 1 1 . 5 0
] . 0 0 6 . 5 0 5 E - 0 2 1 2 . 0 0
1 . 0 5 6 • 4 9 6 E - 0 2 1 2 . 5 0
1 . 1 0 6 . 4 8 7 E - 0 2 1 3 . 0 0
1 . 1 5 6 . 4 7 8 E - 0 2 1 3 . 5 0
1 . 2 0 6 • 4 6 8 E - C 2 1 4 . 0 0
1 . 2 5 6 . 4 5 7 E - 0 2 1 4 . 5 0
1 . 3 0 6 • 4 4 6 E - 0 2 1 5 . 0 0
1 . 3 5 6 . 4 3 5 E - 0 2 1 5 . 5 0
1 . 4 0 6 . 4 2 4 E - 0 2 1 6 . 0 0
1 . 4 5 6 . 4 1 2 E - 0 2 1 6 . 5 0
1 .  5 0 6 • 3 9 9 E - 0 2 1 7 . 0 0
1 . 5 5 6 . 3 8 7 E - 0 2 1 7 . 5 0
1 . 6 0 6 . 3 7 4 E - 0 2 1 8 . 0  0
1 . 6 5 6 • 3 6 0 E - 0 2 1 8 . 7 0
1 .  7 0 6 . 3 4 7 F - 0 2 1 9 . 0 0
1 . 7 5 6 . 3 3 3 E - 0 2 1 9 . 5 0
1 . 8 0 6 . 3 1 8 E - 0 2 2 0 . 0 0
1 . 8 5 6 • 9 0 3 8 - 0 2 2 1 . 0 0
1 .  9 0 6 . 2 8 8 E - 0 2 9 2 . 0 0
1 . 9 5 6 . 2 7 3 F - 0 2 2 7 . 0 p
2 . 0 0 6 . 2 5 7 8 - 0 2 2 4 . 0  0
2 . 2 5 6 . 1 7 3 E - 0 2 2 5 . 0 0
2 . 5 0 6 . 0 8 3 E - 0 2 2 6 . 0 0
7 . 0 1 9 8 - 9 0 9 4 0 . 0 0 7 . 8 2 7 ^ - 0 5
7 . 7 7 4 E - 0 3 9 4 8 . 0 0 7 . 5 1 1 r - 0 5
3 . 5 9 5 7 - 0 3 2 7 9 # 0 0 7 . 7 1
3 . 3 2 2 E - 0 3 2 5 5 . 0 0 6 . 9 7 4 E - 0 5
3 . 1 5 3 8 - 0 3 2 6 0 . 0 O c.
c
8 . 5 0
K N / K O W K N / K O
4 . 4 7 6 F - 0 2 4 ^ . 0 0 7 # p 7 o p _ p 3
4 . 3 1 6 E - 0 2 41 . 0 0 2 . 7 3  7 F - 0 3
4 . 1 9 7 E - 0 2 4 2 . 0 0 9 . 6 1 4 7 - 0 0
4 .  OR O E - 0 ? 4 7 . 0 0 9 . 4 0 8 7 - 0 3
3 , Q ^ i r - n 2 4 4 . 0 0 9 . p Q o r - 0 3
9 . 8 5 2 8 - 0 2 4 5 . 0 0 2 . 2 8 8 8 - 0 3
3 . 7 4 3 E - 0 2 4 6 . 0 0 2 . 1 9 3 8 - 0 3
7 . 6 7  5 E - 0 2 4 7 . 0 0 9 . 1 0 3 F - 0 3
3 . 5 3 1 F - 0 2 4 8 . 0 0 2 . 0 1 Q 7 - 0 3
3 . 4 2 9 7 - 0 2 4 9 . 0 0 1 . 9 4 0 7 - 0 3
3 . Oo o f - 0 2 5 0 . 0  0 1 . 8 6 5 7 - 0 0
3 . 2 3 4 E - 0 2 5 5 . 0 0 1 . 5 4 9 7 - 0 3
3 . 1 4 0 F - 0 7 6 O . 0 0 1 . 3 0 6 7 - 0 3
3 . 0 5 0 E - 0 2 6 5 . 0 0 1 . 1 1 6 7 - 0 3
2 . 9 6 2 E - 0 2 7 0 . 0 0 9 . 6 4 8 7 - 0 4
2 . 8 7 7 E - 0 2 7 5 . 0 0 8 . 4 2 0 8 - 0 4
2 . 7 9 5 7 - 0 7 8 0 .  n n 7 . 4 1 1 7 - 0 4
2 . 6 7 8 7 - 0 2 8 5 . 0 0 6 . 5 7 ? r —0 4
2 . 4 9 1 E - U 2 9 0 • 0  0 5 . 8 6 9 8 - 0 4
2 . 3 5 4 E - 0 2 9 5 . 0 0 5 . 2 7 2 F - 0 4
2 . 2 2 6 E - 0 2 1 0 0 . 0 0 4 . 7 6 2 7 - 0 4
2 . 1 0 7 7 - 0 2 1 0 5 . 0 0 4 . 3 2 2 7 - 0 4
1 . 9 9 5 F - 0 2 1 1 0 . 0 0 3 . 9 4 O P - 0 4
1 . S 9 1 E - 0 2 1 1 5 . 0 0 3 . 6 ^ 7 7 - 0 4
1 • 7 9 4 E - 0 2 1 2 0 . 0 0 3 . 3 1 4 7 - 0 4
1 • 7 0  3 E - 0 2 1 2 5 . 0 0 3 . O S 5 F - 0 4
1 . 6 1 9 E - 0 2 1 3 0 . 0 0 9 . 8 2 6 7 - 0 4
1 • 5 4 0 E - 0 2 1 3 5 . 0 0 9 . 6 2 1 7 - 0 4
1 . 4 6 6 E - 0 2 1 4 0 . 0 0 9 . 4 P  8 7 - 0 4
1 . 3 9 6 E - 0 2 1 4 5 . 0 p 2 . 2 7 3 7 - 0 4
1 . 3 7 2 8 - 0 2 1 5 0 . 0 0 2 . 1 2 5 7 - 0 4
1 . 2 7 1 E - 0 2 1 5 5 . 0 0 1 . 9 9 0 8 - 0 4
1 . 2 1 4 8 - 0 2 1 6 0 . 0 0 1 . 8 6 8 7 - 0 4
1 . 1 6 0 8 - 0 2 1 6 5 . 0 0 1 . 7 7 7 7 - 0 4
1 . 1 1 O F - 0 2 1 7 0 . 0 0 1 . 6 5 5 7 - 0 4
1 . O 6 3 E - 0 2 1 7 5 . 0 0 1 . 5 6 2 F - 0 4
1 . 9 1 8 8 - 0 2 1 8 0 . 0  0 1 . 4 7 7 7 - 0 4
9 . 3 6 6 7 - 0 3 1 8 5 . o n 1 . 3 0 8 7 - 0 4
8 . 6 4 1 8 - 0 7 1 9 0 . 0 0 1 . 1 9 6 8 - 0 4
7 . 9 9 3 8 - 0 3 1 9 5 . 0 0 1 . 2 5 9 8 - 0 4
7 . 4 1 2  F - 0  3 2 0 0 . 0 0 1 . 1 9 7 7 - Q 4
6 . 8 0 1 8 - 0 3 3 0 5 . 0 0 1 . 1 O Q 7 - 0 4
6 . 4 2  0 8 - 0 3 2 1 0 . 0 0 1 . o p ^ F - 0 4
7 .  7 5 5 • 9 8 5 E - 0 2 2 7 . 0 0 5 . O O 5 F - 0 3 7 1 5 . 0 0 1 . 0 3 6 F - 0 4
3 . 0 0 5 . 8 8 7 F - 0 7 2 8 . 0 0 5 , O ^ Q c - O O 7 7 r ' .  0 0 0 q 0 -2 r  — 0 5
3 . 7 5 5 . 7 7  4 8 - 0 7 2 9 . 0  0 5 . 7 5 9 F - 0 3 7 7 5 . 0 0 9 . 4 6 Q F - 0 5
o ,  5 0 0 . 8 6 1 8 - 0 2 "2 O 0 0 4 , 0 2 Q r - 2 2 0 . n c , 2 P  — 0 5
o . 7 5 o . 6 4 4 5 - 0 2 2 1 . 0 0 4 . 6 4 7 F - 0 3 7 2 R .  o n 8 . 6 7 7 t r - 0 5
4 . 0 0 o . 4 7 5 F - 0 2 7 2 • n 0 4 . Q8 9 rr — 0 3 7 4 O . 0 0 8 . 7 1  5 F — 0 5
4 . 3 5 5 . o o 4  F — 0 2 2 2 / 0 4 . 1 0 O F - 7 7 7 4 F . 0 0 7 . 9 P O F - 0 5
4 .  * 0 5 .  1 8 o  F -  o 2 2 4 . 0 0 •2 .  q ^ Q F - m 2 5 0 . 0 0 7 . 6 6 4 F - 0 5
4 . 7 5 5 . 0 5 6 E - 0 2 3 5 . 0 0 0 • 7 0  I E - 0 3 2 5 5 . 0 0 7 . 7 6 7 5 - 0 5
5 ,  ° 0 4 . 7 - 2 1  F - O ? 7 6 . 0 0 3 .  5 ^  R F - 0 3 7 6 0 . 0 0 7 .  O p A 5 - 0 5
5 . 7 5 4 . B 0 7 F - 0 2 7 7 . 0 3 3 • 7 7 1 F -  0 3 7 6 * . 9 0 6 . R O F O - O F
5 . 5 0 4 . 6 8 2 E - 0 2 2 Q , 0 0 7 . 1  6 6 c ~ 7 7 7 7 0 . 0 0 6 . 5 7 7 F  — 0 5
6 .  '7 6 4 . 5 5 Q F - 0 2 3 0 . 0 0 7 . 0 1 3 F - 0 3 7 7 5 . 0 0 0 . 0
A 0 . 0 0
W K iM / K O W K N / K 0 W K N / K O
o . O 6 . 2 3 1 F - 0 2 6 . 2 5 4 . 2 3 4 F - 0 2 4 2 . 0 0 7 . 7 6 4 ^ - 0 3
0 . 0 5 6 • 2 3 0 E - 0 2 6 . 5 0 4 . 1 7 6 F - 0 2 4 3  . o n 7 . 6 7 7 F - 0 3
0 . 1 0 6 . 2 3 0 E - 0 2 6 . 7 5 4 . 0 1 9 F - 0  2 4 4 . n o 7 . 5 1 9  f - 0 3
0 . 1 5 6 . 2 2 9 E - 0 2 7 . 0 0 3 . o i 3 F - 0 2 4 5 . 0 0 7 . 4 1 3 F - 0 3
7 . 2 0 6 . 2 2 8 E - 0 2 7 . 2 6 3 . 8 i O F - 0 2 4 6 . 0 0 7 . 7 1 3 F - 0 3
0 . 2 5 6 . 2 2 6 E - 0 2 7 . 6 0 3 . 7 0 8 E - 0 2 4 7 . 0 0 7 . 2 1 9 E - 0 3
0 . 7 0 6 . 2 2 4 F - 0 2 7 . 7  5 0 . 6 o 8 E - a 7 4 8 . 0 0 7 . 1 o n e - o n
0 . 3 6 6 . 2 2 1 E - 0 2 8 . 0 0 0 . 6 1 1 F - 0 2 4 9 . 0 0 7 . 0 4 7 E - 0 3
0 . 4 0 6 . 7 1 9  F — 0 7 8 . 7 6 7 . 4 1 6 F - 0 2 5 0 . 0 0 1 . 9 6 3 F - 0 3
0 . 4 5 6 . 2 1 6 E - 0 2 8 . 5 0 3 . 3 2 3 E - 0 2 5 5 . 0 0 1 . 6 3 6 F - 0 3
0 . 5 0 6 . 2 1 2  F - 0 2 8 . 7 5 3 . 2 7 2 E - 0 2 6 0 . 0 0 1 . 7 3 O P - 0 3
0 . 5 5 6 . 2 0 8 F - 0 7 0 . O 0 7 . 1 4 4 ^ - 0 7 6 *  . 0 0 1 • 1 3 0 5 - 0 0
0 . 6 O 6 . 2  0 4 E - 0 2 9 . 2 * 3 . 0 6 8 F - 0 2 7 0 . 0 0 1 . 0 2  0 5 - 0 3
0 . 6 5 6 . 1 9 9 E - 0 2 9 . 5 0 7 . 9 7 4 E - 0 2 7 5 . 0 0 8 . 9 0 ] 5 - 0 4
0 . 7 0 6 . 1 9 4 E - 0 2 9 . 7 * 7 . 8 O 3 E - 0 2 8 0 .  o n 7 . 8 3 6 F  —0 4
0 . 7 5 6 . 1 8 9 F - 0 2 1 0 . 0 0 2 . 8 1 5 F — 0 2 0 5 . 0 0 6 . 9 5 1 F —0 4
0 . 3 0 6 . 1 8 7 F - 0 2 1 0 . 5 0 7 . F 6 4 F - H 2 0 0 a 0 0 6 . 7  0 3 F — 0 4
7 . 00 6 . 1 7 7 E - 0 2 1 1 . 0 0 2 . 5 2  2 E - 0 2 9 5 . 0 0 6 . 5 7 7 F - 0 4
0 . 9 0 6 . 1 7 1 E - 0 2 1 1 . 5 0 2 • 3  8 9 F - 0 2 1 0 0 . 0 0 6 , 0  3 8 E —0 4
0 . 9 5 6 . 1 6 4 F - 0 2 1 7 . 0 0 7 . 2 6 4 F - 0 2 1 0 5 . 0 0 4 . 6 7 3 5 —0 4
1 . 0 0 6 . 1 5 7 E - 0 2 1 7 . 6 0 2 . 1 4 8 E - 0 2 1 1 0 . 0 0 4 . 1 6  o F ~ 0 4
1 . 0 5 6 . 1 4  9 E - 0 2 1 3 . 0 0 2 . 0 7 8 F - 0 2 1 1 5 . 0 0 3 . 8 1 6 F - 0 4
1 . 1 0 6 . 1 4 2  E - 0 2 1 7 . 5 0 1 . 9 7 5 E - 0 2 1 2 0 . 0 0 3 . 5 O 7 F - 0 4
1 . 1 5 6 . 1  3 3 F -  0 2 1 4 . 0 0 1 . 8 7 9 E - 0 2 1 2 6 . 0 0 3 . 7 3 3 F - 0 4
1 . 2 0 6 . 1 2 5 E - 0 2 1 4 . 5 0 1 . 7 4 9 F - 0 2 1 3 0 . 0 0 7 . 9 9  0 F —0 4
1 . 2 5 6 . 1  1 6 E - 0 2 1 6 . 0 0 1 . 6 6 5 8 - 0 7 1 3 5 . 0 0 7 . 7 7 4 F - 0 4
1 . 3 0 6 . 1 0 7 F - 0 2 1 5 . 6 0 1 . 5 8 6 E - 0 2 1 4 0 . 0 0 2 . 5 3 0 5 - 0 4
1 . 3 5 6 . 0 9 7 E - O 2 1 6 . 0 0 1 . 5 1 1 E - 0 2 1 4 5 . 0 0 2 . 4 7 6 ^ - 0 4
1 . 4 0 6 . 0 8 8 E - 0 2 1 6 . 5 0 1 . 4 4 2 E - 0 2 1 5 0 . 0 0 7 . 2 4 9 F - 0 4
1 . 4 5 6 . 0 7 7 E - 0 2 1 7 . 0 0 1 . 3 7 6 E - 0 2 1 5 5 . 0 0 7 . 1 0 6 F - 0  4
1 . 5 0 6 . 0 6 7 E - 0 2 1 7 . 5 0 1 . 3 1 5 E - 0 2 1 6 0 . 0 0 1 . 9 7 7 F - 0 4
1 . 5 5 6 . 0 5 6 F - 0 2 1 8 . 0 0 1 . 7 * 7 5 - 0 2 1 6 6 . 0 0 1 . 8 6 0 5 - 0 4
1 . 6 0 6 . 0 4 5 E - 0 2 1 8 . 6 0 1 . 7 0 3 F - O 2 1 7 0 . 0  0 1 .  7 6 2  F —0 4
1 . 6 5 6 . 0 3 4 E - 0 2 1 9 . 0 0 1 . 1 5 2 F - 0 2 1 7 5 . 0 0 1 . 6 5 4 F - 0 4
1 .  7 0 6 . 0 2 2 F - 0 2 1 9 , 5 n 1 . 1 O 4 6 - 0 ? 1 8 7 . 0 0 1 . 5 6 7 7 - 0 4
1 . 7 5 6 . 0 1 0 E - 0 2 2 0 . 0 0 1 . 0 7 8 E - 0 ? 1 3 5 . 7 0 1 . 4 8 7 7 - 0 4
1 . 8 0 5 • 9 9 8 E - 0 2 7 1 . 0 0 9 . 7 4 0 E - 0 7 1 9 0 . 0 0 1 . 4 0 4 7 - 0 4
1 . 8 5 5 . 9 8 5 E - 0 2 2 2 . 0 0 9 . 0 n 6 E - C 3 1 9 5 . 0 0 1 . 3 4 3 7 - 0 4
1 . 9 0 5 . 9 7 2 7 - 0 2 2 7 . 0 0 8 . 7 4 1 F - 0 3 2 7 0 . 0 0 1 . 2 6 7 8 - 0 4
1 . 9 5 5 • 9 5 9 E - 0 2 2 4 . 0 0 7 . 7 4 3 E - 0 3 2 0 5 . 0 0 1 . 7 0 6 7 - 0 4
2 . 0 0 5 . 9 4 5 E - 0 2 2 5 . 0 0 7 . 2 7 5 E - 0 3 2 1 0 . 0 0 1 .  1 4 9 E - 0 4
2 . 2 5 5 . 8 7 4 E - 0 2 2 6 . 0 0 6 . 7 1 9 E - 0 3 2 1 5 . 0 0 1 . 0 9 7 6 - 0 4cIT.cm 5 . 7 9 6 r - 0 2 2 7 . 0 0 6 . 2 ^ Q r - 0 3 2 2 7 . 0 0 1 . 0 4 7 C - - 0 4
2 . 7 5 5 . 7 1 2 E - 0 2 2 8 . 0 0 5 • 8 7 9 E - 0 3 2 2 6 . 0 0 1 . 0 0 1 7 - 0 4
3 . 0 0 5 . 6 2 3 E - 0 2 2 9 . 0 0 5 . 5 1 5 E - 0 3 2 4 0 . 0 0 9 . 6 8 4 E - 0 5
3 . 2  5 5 . 5 2 9 E - 0 2 7 0 . 0 0 6 . 1 P 3 E - 0 4 2 4 8 . 0 0 ° . 1 8 1 E - 0 5
3 .  5 0 5 . 4 - 5  1 F - 0 2 0 1 . 0 0 4 . 0 7 0 6 - 0 3 2 4 0 . 0 0 8 . 3 7 4 7 - 0 5
3 . 7 5 5 . 3 3 0 E - 0 2 7 2 . 0 0 4 . 6 7 1 E - 0 3 7 4 5 . 0 0 8 . 4 4 8 E - 0 5
4 . 0 0 5 . 2 2  q F - n 2 n  n o 4 .  4 4  O n - o n 4 5 7 . 0 0 8 . 1 1 4 7 - 0 8
4 . 2 5 5 . 1 1 8 E - 0 2 4 4  .  OQ 4 . 1 7 9 E - 0 3 2 5 5 . 0 0 7 . 7 0 0 7 - 0 5
4  .  6 0 8 . 0 i 0 7 - 0 2 7 5 . 0 0 4 . 8 9 2 7 - 0 ? 2 6 7 . 7 0 7 , 8 n ? r —n c
4 . 7 5 4 . 9 0 0 E - 0 2 4 6 . 0 0 3 . 6  0  1 E -  0 3 7 6 5 . 7 0 7 . 7 2 2 7 - 0 5
5 . 0 0 4 . 7 8 9 7 - 0 ? 7 7 . 0 0 7 . 5 O 5 F - 7 4 7 7 0 . 0 0 6 . 9 5 8  r  — 0 5
5 . 2 5 4 . 6 7 7 E - 0 2 7 8 . 0 0 4 . 4 ?  4 6 - 7 4 2 7 5 . 0 0 6 . 7 0 7 ^ - 0 5
5 .  60 4 . 5 6 6 F - 0 2 4 0 . 0 0 3 . 1 7 2 6 - 0 3 2 8 7 . 0 0 6 . 4 7 0  p — 0 8
5 .  ^ 5 4 . 4 5 4 7 - 0 2 4 0 . 0 0 3 # o ? 4 6  — 0 4 7 8 ^ . 0 0 A . 2 4 c 7 - 0 8
5 . 0 0 4 . 0 4 4 7 - 0 2 4 1 . 7 0 2 . 3 8 4 7 - 0 4 7 9 0 . 0 0 A . m ? p - 0 8
A 0 . 6 0
W K N / K O W K N / K O W K N / K O
0 . 0 5 . 7 0 6 7 - 0 2 6 . 6 7 4 . 7 4 0 C - 0 4 4 4 . 7 0 7 . 6 4 7 F - 0 4
0 . 0 5 5 • 9 0 6 E - 0 2 6 . 7 8 3 . 9 8 1 6 - 0 2 4 6 . 0 0 2 . 8 4 5 8 - 0 3
0 . 1 0 6 . 0 0 6 7 - 7 2 7 . 0 7 4 .  R 8 4 7 - 7 2 4 6 . 7 0 7 . 4 4 1 8 - 0 4
0 . 1 5 5 . 9 0 5 E - 0 2 7 . 2 6 3 . 7 8 9 E - 0 ? 4 7 . 0  7 7 . 4 3 2  r  —0 4
0 . 2 0 6 • 9 0 4 E - 0 2 7 . 5 7 3 • 6 6 5 E - 0 2 4 8 . 7 0 7 • 2 4 r ' t r - 7 4
0 . 2 5 5 • 9 0 2 E - 0 2 7 . 7 5 3 . 5 7 3 E - 0 2 4 9 . 0  0 7 .  1 5 3 E - 0 3
0 . 4 7 6 . O Q l E - 0 7 8 . 7 0 4 , 4 8 ? 6  — 0 ? 3 7 . 0 0 7 .  O 7 O t r - 0 4
0 . 4 5 5 • 8 9 9 E - 0 2 8 . 2  6 4 . 3 9 4 6 - 7 2 5 5 . 7  0' 1 . 7 2 1 7 - 0 3
0 . 4 7 5 . 8 9 6 F - 7 2 8 . 5  7 4 . 4 0 6 7 - 0 2 6 7 . 0 0 1 . 4 5 4 8 - 0 3
0 . 4 5 5 • 8 9 3 E - 0 2 8 . 7 5 3 . 2 2  I E - 0  2 6 5 . 0 0 1 . 2 4 2 E - 0 3
7 . 5 0 5 . 8 9 0 E - 0 7 9 . 0 7 4 . 1 4 8 6 —0 ? 7 7 . 0 0 i . 7 7 4 8 - 0 4
0 . 5 5 5 . 8 8 7 E - 0 2 9 . 2 5 3 . 0 5 7 E - 0 2 7 5 . 7 0 9 . 3 8 0 F - 0 4
0sC.0 6 . 8 8 4 8 - 0 2 0 . 5 0 2 . 0 7 7 8 - 0 2 8 0 . 0  0 8 . 2 6  4 8  — 0 4
0 . 6 5 6 . 8 8 0 F - 0 2 0 . 7 8 2 . 0 7 0 C - 0 ? 3 6 . 7 7 7 . 3 4 6 8 - 0 4
7 .  ^ 0 6 . 8 7 5 7 - 0 2 1 7 . 0 0 ? # 8 ? 5 F -  7 2 O 0 # n 0 6 . 8 4 6 8 - 0 4
0 . 7 5 5 . 8 7 1 E - 0 2 1 0 . 5 0 2 . 6 8 1 7 - 0 2 Q c , 0 0 a . 8 6 i 8 - 0 4
0 . 8 0 5 . 8 6 6 7 - 0 2 1 1 . 0 0 7 . 6 4 5 ^ - 0 ? 1 7 7 . 7 0 8 . 4 1  4 cr — 0  4ITOC.c 5 . 8 6 1 E - 0 2 1 1 . 6 0 2 . 4 1 6 E - 0 2 1 7 8 . 0 0 4 . 8 2 7 8 - 0 4
7 . 9  0 6 . 8 5 5 7 - 0 2 1 2 . 0 7 ? • 2 ° 5 r - 0 2 1 1 4 . 0 0 4 . 4 O 7 T - 0 4
0 . 9 5 5 . 8 4 9 E - 0 2 1 2 . 6 7 2 . 1 8  I E - 0 2 1 1 5 . 0 0 4 . O 2 6 F - 0 4
1 . 0 0 5 . 8 4 4 8 - 0 2 1 4 . 7 0 7 . 0  7 4  r  — 0  ? 1 6 ^ .  o n 4 .  ^ O O P - 0 4
1 . 0 5 5 . 8 3 7 E - 0 2 1 4 . 6 0 1 . 9 7 3 E - 0 2 1 7 5 . 0 0 3 . 4 1 1 7 - 0 4
1 . 1 0 6 . 8 7 0 F - 0 2 1 4 . 0 0 1 . 8 7 8 7 - 7 ? 1 4 0 . 0 0 4 . 1 5 5 7 - 0 4
1 . 1 5 5 . 8 2 3 E - 0 2 1 4 . 5 0 1 . 7 8 9 9 - 0 2 1 7 5 . 0 0 2 . 9 2 7 E - 0 4
1 . 2 0 5 . 8 1 6 5 —92 1 c , 0 P 1 . 7 0 5 0 - 0 2 1 4 9 . 0 0 7 . 7 7 2 ^ - 9 4
1 . 2  5 5 • 8 0 8 E - 0 2 1 5 . 5 0 1 . 6 2 6 F - 0 2 1 4 5 . 9 0 2 . 5 3 8 F - 0 4
1 . 3 0 5 . 8 0 1 F - 0 2 1 6 . 0 0 1 . 9 ^ 2 9 - 0 2 1 5 9 . 9 9 2 . 3 7 3 F - 0 4
1 . 7 5 5 . 7 9 2 E - 0 2 1 6 . 5 0 1 . 4  8 7 F -  0 2 1 5 5 . 9 0 2 . 2 2 7 ^ - 0 4
1 . 4 0 5 . 7 8 4 F - 0 2 1 7 . 0 0 1 . 4 1 7 E - 0 2 1 6 9 . 9 9 7 . 9  8 6 F - 0 4
1 . 4 5 5 . 7 7 5 F - 0 2 1 7 . 5 0 1 • 3 5  5 E - 0 2 1 6 5 . 0 0 1 . 9 4 2 - - 0 4
1 . 5 0 5 . 7 6 6 E - 0 2 1 8 . 0 0 1 . 7 0 7 9 - 0 7 1 7 9 , 9 0 1 . 8 4 9 F - 0 4
1 . 5 5 5 • 7 5 7 E - 0 2 1 8 . 5 0 1 • 2 4 2 E - 0 2 1 7 5 . 0 0 1 . 7 4  5 F - 0 4
1 . 6 0 8 . 7  4  8 F -  0 2 1 9 . 0 0 1 . 1 9 1 E - 0 2 1 8 9 . 0 0 1 . 6 5 9 0 - 0 4
1 . 6 5 5 . 7 3 8 E - 0 2 1 9 . 5 0 1 . 14 2 F -  0 2 1 8 5 . 9 0 1 . 5  6 2 r - 0 4
1 . 70 5 . 7 2 8 F - 0 2 2 0 . 0 0 1 . 0 9 6 F - 0 2 1 9 9 . 0 0 1 . 4 7  1 ^ - 0 4
1 . 7 5 5 . 7 1 7 E - 0 2 2 1 . 0 0 1 . 0 1 1 E - 0 2 1 9 5 . 0 0 1 . 4 9 4 ^ - 0 4
1 . 8 0 5 . 7 0 7 F - 9 2 2 2 . 9 0 9 . 7 8 3 F - 0 3 2 n n . 0 0 1 . 7 1 7 T - 0 4
1 . 8 5 5 • 6 9 6 E - 0 2 2 3 . 0 0 8 . 6 7 2 F - 0 3 2 9 5 . 0 0 1 . 2 7 3 F - 0 4
1 . 9 0 5 . 6 8  5 E - 0 2 2 4 . 0 9 8 . 9 8 9 F - 0 3 2 1 9 . 9 0 1 . 2 1  7 c r - 0 4
1 . 9 5 5 . 6 7 3 E - 0 2 2 5 . 0 0 7 . 8 9 7 F - 9 7 2 1 5 . 9 9 1 . 1 5  7 F ~ 0 4
2 . 0 0 5 . 6 6 2 E - 0 2 2 6 . 0 0 7 . 0 9 6 7 - 0 7 2 2 0 . 9 0 1 . 1 9 5 0 - 0 4
2 . 2 5 5 . 6 0 0 E - 0 2 2 7 . CO 6 . 5 5 2 F - 0 3 2 2 5 . 0 9 1 . 0 5 7 0 - 0 4
2 . 5 9 5 . F 2 7 r _ 0 2 2 8 . 0 9 6 . 1 4 0 9 - 0 7 7 7 9 . 0 9 1 . 9 1 1 0 - 0 4
2 . 7  5 F . 4 6 0 E - 0 2 2 9 . 0 0 9 . 7 4 7 F - O 7 2 7 5 . 0 0 9 . 6 8 9 ^ - 0 5
3 . 9 0 5 . 3 8 7 7 - 0 2 7 O # 0 0 5 . 4 2  OF- 0 7 7 4 0 . 0 0 9 . 7 Q 1 7 - 0 5
3 . 2 5 5 . 3 0 1 E - 0 2 7 1 . 0 9 5 . 1 0 9 9 - 0 3 7 4 5 . 0 0 7 . 9 1 4 0 —05
3 . 5 0 5 . 2 1 A F - 0 2 7 2 . 0 9 4 . 8 1 6  c ~ 0 7 2 5 0 . 0 0 3 . 0 4 7 0 - 0 7
3 . 7 5 5 . 1 2 7 E - 0 2 7 7 . 0 0 4 . 5  5 0 E — 0 3 2 5 5 . 0 0 8 . 2 7 1 F - 0 5
4 . 9 0 5 . 0 7  5 F - 0 2 7 4 . 0 0 4 . 7  0 F F - n o 2 6  A . 9  n 7 , 0 1 8 0 —05
4 . 2  5 4 . 9 4 1 E - 0 2 7 5 . 0 0 4 . 0 7 9 E - 0 3 2 6 5 . 0 0 7 . 6 2 2 7 - 0 5
4 . 5 9 4 . F 4 4 F -  0 2 7 4 . 0 9 7 . 8 7 9 9 - 0 7 7 7 9 . 0 0 7 , 7 4 7 ^ - 0 0
4 . 7 5 4 • 7 4 7 E - 0 2 7 7 . OO 7 . 6 7 6 E - 0 7 2 7 5 . 9 0 7 . 0 7 9 F - 0 5
5 . 0 9 4 . 6 4 8 E  — 02 7 8 . 0 0 3 . 4 9 6 E - 0 3 2 8 0 . o n 4 . 8  2 9 F — 0 5
5 . 2 5 4 . 5 4 8 E - 0 2 7 9 . 0  0 3 . 3 2 9 E - U 3 2 8 5 . 0 0 6 • 7 Q 1 F - 0 5
* . 50 4 • 4 4 8 F - 0 2 4 0 . 0 0 7 . l 7 4 ^ - 0 1 2 9 9 . 0 0 4 . 7 4 4 ^ - 0 5
5 . 7 5 4 . 8 4 7 E - 0 2 4 1 . 0 0 3 . 0 2 8 E - 0 3 2 9 5 . 9 0 4 . 1 5  7 F — 0 7
6 . 0 0 4 . 2 4  7 E - 0  2 4 2 . 0 0 2 . 8 9 7 F - 0 3 7 9 0 . 0 0 7 . 9 4  9 r  —0 5
6 . 2 5 4 . 1 4 8 F - 0 2 4 7 . 0 0 2 . 7 4 6 7 - 9 7 3 0 5 . 0 0 5 . 7 5 4 7 - 0 4
A 1 9 . 9 0
w K N / K O W K N / K O W K N / K O
0 . 0 5 . 4 1 4 E - 0 2 4 . 7  5 7 . 8 7 9 E - 0 2 4 6 . 9 0 2 . 5 4 8 F - 0 3
0 . 0 5 5 . 6 1 4 E - 0 2 7 . 0  9 7 . 7 9 0 E - 0 2 4 7 . 9  0 7 . 4 4 5 0 - 0 3
0 . 1 0 5 . 6 1 3  F — 0 2 7 . 2 5 3 . 7 9 2 F - 0 2 4 8 . 0 0 7 . 3 4 7 0 - 0 3
0 . 1 5 5 . 6 1 3 E - 0 2 7 . 5 0 3 . 6 1 6 E - U 2 4 9  . n o 2 . 7 5 7 0 - 0 3crv.C' 5 . 4 1 2  F - 0  2 7 . 7 0 7 . C0 0 7 - 9 2 4 0 . 9 0 7 . 1 7 1 0 - 0 7
9 . 2 5 5 . 4 1 1 F - 0 2 8 . 0 0 7 . 4 4 6 F - 9 2 7 7 . 9 0 1 . 8 9 4 0 - 0 7
9 . 7 0 5 . 6 0 9 F - 0 2 8 . 2  7 7 . 7 4 7 F - 0 2 6 9 . n o 1 . 5 2 5 7 - 0 3
0 . 7 5 5 . 6 9 7 F - 0 2 8 . 7  0 7 . 2 8 2 F - 0 2 6 7 . 0 9 1 . 3 0 5 7 - 0 3
9 . 4 0 5 . 4 0 5  E - 0 2 8 . 7 4 7 . 2  9 2 E — 9 7 7 9 . 9 9 1 . 1 2 9 7 - 0 3
9 . 4 5 5 . 4 0 3 F - 0 2 9 . 0  9 7 . 1 2 4 7 - 9 2 7 7 . 9 9 9 , 8 5 7 0 - 0 4
0 . 4 9 5 • 6 0 0 F - 0 2 9 . 7 7 7 . 9 4 7 8 - 0 2 8 9 . 9 9 8 . 6 7 2 7 - 0 4
0 . 5 5 5 . ^ 9 7 E - 0 2 9 . 7 0 2 . 9 7 2 F - 9 2 8 5 . 9 9 7 . 7 9 4 0 - 0 4
0 .  6 0 5 . 5 9 4 ^ - 0 2 9 . 7  5 2 • Qn 9 0  — 92 9 9 . 0 9 6 . 9  8 7 e r - 9 4
0 . 6 3 5 . 5 n i E - 0 2 1 0 . 0 0 2 . 7 2 8 0 - 0 2 9 ^ . 9 9 6 . 1 9 4 6 - 0 4
9 . 7  0 3 . 3 8 7 0 - 0 2 1 9 # c, 9 2 • 6 ° 9 F - 0 2 1 9 9 , 9 0 3 , 6 q 7 r  — 9 4
0 , 7 5 7 . 6 8 3 F - 0 2 1 1 . 0 9 2 . 7 6  OF —02 1 0 5 .  f i n 3 . 0 7 3 6 —04
• 00 o> 7 . 3 7 9 E - 0 2 1 1 . 3 9 2 . 4 7 6 0 - 7 2 1 1 9 . 0 0 4 . 6 7 5 6 - 0 4
0 . 8 5 5 . 5 7 5 E - 0 2 1 2 . 0 0 2 . 3 1 9 E - 0 2 1 1 5 . 9 0 4 . 2 3 4 0 - 0 4
n . on 0 . 3 7 9 6 - 0 2 1 2 . 3 9 7 . 7 ^ 8 9 - 0 2 1 7 0 . 0 0 3 . 8 0 1 r - 0 4
0 . Q 5 6 . 5 6 5 0 - 0 2 1 7 . U 0 2 . 1  0 3 0 — U 2 1 7 3 . 0 0 Q. 5 8 8 6 - U 4
1 . ^ 0 5 • 5 6 0 E - 0 2 1 7 . 7 9 7 . 9 7 4 0 - 0 2 1 9 9 . 0 0 3 . 9 1 q c - 0 4
1 . 0 5 5 . 5 5 4 E - 0 2 1 4 . 0 9 1 . n i l  9 - 0  2 1 -5 6 . 0  n 9 , 9  7 0 6  — 04
1 . 1 0 5 . 3 4 8 E - 0 2 1 4 . 5 0 1 . 8 2 4 0 - 0 2 1 4 0 . 0 0 7 . 8 6 4 6 - 0 4
1 . 1 5 5 . 5 4 2 E - 0 2 1 5 . 0  0 1 . 7 4 1 0 - 0 2 1 4 5 . 0 0 2 . 6 7 1 r - 0 4
] . 2 0 5 . 3  3 6 F - 0 2 1 7 . 5 0 1 . 6 6  3 E - U 2 1 5 0 . 0 0 7 . 4 Q - 7 F - 0 4
1 . 2 5 5 . 3  7 O E - 0 2 1 6 . 0 9 1. . 6 P 9 F - 9 2 1 3 6 . 0 0 7 , 7 - 1 0 3 - 0 4
1 . on 5 . 3 2 3 0 - 0 2 1 6 . 7 9 1 . 7 ? 0 E - n ? 1 6 9 . 0  0 7 . 1 0 5 6 - 0 4
1 . 3 5 3 . 7 1 6 0 - 0 2 1 7 . 0 0 1 . 4 6 4 0 - 0 2 1 6 5 . 0 0 7 . 0 6 3 6 - 0 4
1 . 4 0 3 . 3 0 Q E - 0 2 1 7 . 5 0 1 . 7 9 2 0 - 9 7 1 7 9 . 9 9 1 . 9 4 6 6 - 0 4
1 . 4 5 5 . 5 0 1 E - 0 2 1 8 . 0 0 1 . 9 4 4 0 - 9 2 1 7 5 . 0 0 1 . 8 3 6 0 - 0 4
1 . 5 0 3 . 4 9 3 0 - 0 2 1 8 . 3 9 1 . 7 7 9 0 - 0 3 1 8 9 . 0 0 1 . 7 7 6 6 - 0 4
1 . 5 5 5 . 4 8 5 E - 0 2 1 9 . 0 0 1 . 3 7 7 0 - 0 2 1 8 5 . 0 0 1 . 6 4 4 F - 0 4
1 . 6 0 5 . 4 7 7 E - 0 2 1 9 . 5 0 1 . 1 7 7 0 - 0 2 1 9 0 . 0 0 1 . 3 5 0 ^ - 0 4
1 . 6 5 5 . 4 6 9 E - 0 2 2 9 . 9 9 1 . 1 7 1 6 - 9 2 1 9 3 . 0 0 1 . 4 8 9 F - 0 4
1 . 7 0 5 . 4 6 0 0 - 0 2 2 1 . 0 0 1 . 9 4 5 0 - 0 2 7 0 9 . ^ 9 1 . 4  9 7  6 - 0 4
1 . 7 5 5 . 4 5 1 0 - 0 2 2 2 . 0 0 n . 6 8 9 7 - 0 3 7 9 3 . 0 0 1 . 3 3 0 6 - 0 4
1 . 80 5 . 4 4 2 0 - 0 2 2 7 . 0 0 8 . 9 8 6 0 - 0 3 2 1 0 . 0 0 1 . 2 9 6 6 - 0 4
1 . 8 5 5 • 4 3  2 E - 0 2 2 4 . 0 0 8 . 3 6 1 0 - 9 3 2 1 5 . 0 0 1 . 2 1 8 6 - 0 4
1 . Q0 6 . 4 2 3 0 - 0 2 2 5 . 9 9 7 . 7 Q 5 E - 0 3 2 2 0 . 0 0 1 . 1 6 3 0 - 0 4
1 . 0 5 5 . 4 1 3 0 - 0 2 2 6 . 0 0 7 . 7 8 2 (r- 0 3 7 7 5 . 9 0 1 . 1 1 7 6 - 0 4
? . o o 3 . 4 0 ? c - O 2 2 7 . 9 0 6 . 8 1 6 r - 0 7 7 3 9 . 9 0 1 . 9 6 4 6 - 0 4
2 . 2 5 5 . 3 4 9 0 - 0 2 2 8 . 0 9 6 . 7 Q 1 6 - 9 3 7 7 3 . 0 0 1 . 9 7  0 r - 9 4
2 . 5 0 3 . 2 9 1 0 - 0 2 2 9 . 0  9 6 • 0 n 4 r - 0 ' l 2 4 0 . 9 9 0 . 7 7 8 6 —93
2 . 7 5 5 . 2 2 8 0 - 0 2 7 0 . 0 9 5 . 6 4 9 6 - 0 3 7 4 5 . 0 0 n . 3 8 4 6 - 0 5
7 . 0 0 3 . 1 6 0 F - 0 2 7 ] . 0 0 6 .  -3 7 4 6 - 0 3 7 5 0 . 0 9 9 . 0 1 3 6 - 0 5
3 . 2  5 3 . 0 8 9 E - 0 2 7 2 . 0 9 3 . 9 2 5 6 - 0 7 7 3 3 . 0 9 « . 6 6 9 6 - 0 5
7 .  50 7 . C l 7 0 —02 7 7 . 9 0 4 . 7 5  O F - 0 3 7 6 9 . 9 9 8 . 3 3 4 9 - 0 5
3 . 7 5 4 . 9 3 5 0 - 0 2 7 4 . 9 9 4 . 4 Q 7 6 - 9 3 7 6 5 . 9 9 8 . 0 2 3 6 - 0 5
4 . 0 0 4 . 8 5 4 0 - 0 2 7 7 . 0 9 4 . 3 6 2 F - 0 3 7 7 9 . 0 0 9 . 7 2 9 6 - 0 5
4 . 2 3 4 . 7 7 1 E - 0 2 7 6 . 0 9 4 . ^ 4 5 0 - ° 9 7 7 5 . 9 9 7 . 4 3 1 6 - 0 5
4 . 5 0 4 . 6 8 3 0 - 0 2 7 7 . 0 9 7 . 8 4 4 6 - 0 3 2 8 9 . 0 0 7 . 1  8 7 - 9  5
4 . 7 5 4 . 3 9 8 0 - 0 2 7 8 . 0 9 7 . 6 5 7 E - 0 3 7 8 5 . 9 0 6 . 9 3 8 6 - 0 5
5 . 0 0 4 . 3 1 0 0 - 9 2 7 9 . 9 9 7 . 4 8 3 6 - 0 3 7 9 9 . 0 0 6 . 7 9 1 r - 9 5
5 . 2 5 4 . 4 2 0 0 - 0 2 4 0 . 0 0 3 . 3 7 1 0 - 9 3 7 9 5 . 0 0 6 . 4 7 6 6 - 0 5
5 . 5 0 4 . ^ 3 9 0 - 0 2 41 . 9 9 7 . 1  7 ^ F - ^ 3 9 0 9 . 0 0 6 . 2 6 7 ^ - 9 5
5 . 7 5 4 . 2 4 0 F - 0 2 4 2 . 0 9 7 . 9 7 9 0 - 9 3 7 9 5 . 0 0 6 . 0 5 8 6 - 0 3
6 . 0 0 4 . 1 4 9 0 - 9 2 4 7 . 0 0 2 . 8 9 7 6 - 9 3 9 1 0 . 0 9 3 . 8 6 3 6 - 0 5
6 . 2 3 4 . 0 5 9 0 - 0 2 4 4 . 0 9 7 . 7 7 3 C - C 3 9 1 5 . 9 0 3 . 6 « 0 F - 0  5
6 . 3 0 7 . 9 6 7 0 - 0 2 4 5 . 0 0 7 . 6 3 7 ^ - 0 3 3 7 0 . 0 9 3 . 3 9 4 6 - 0 3
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APPENDIX III
A Method of Increasing the Sensitivity of an Atomic Absorption Measurement 
The experiment with the hollow-cathode lamp and two absorbing flames 
(described in section 6-1) can be used to increase the sensitivity of an atomic 
absorption measurement. The spectral line from’ the hollow-cathode lamp is 
modified on passing through the first flame, i.e. the source flame, because 
atoms dispersed in this flame selectively absorb the centre frequencies in the 
line profile. The line emerging from the source flame will consist of the 
"wings" of the original line, and will therefore be absorbed less (because the 
wings miss the peak of the absorption profile) in the second flame, i.e. the 
absorber flame, than the original line would have been. On the other hand 
the frequencies in the centre of the original line profile, i.e. the 
frequencies that had been removed by the source flame, would show higher 
absorbance than the original line if they could be isolated and used in a 
measurement. A method of achieving this can be arranged in the following 
manner.
Three separate absorption measurements are made using the hollow-cathode 
lamp as the source in each case. The absorption measurements are for the 
source flame, the absorber flame and both flames together. The method is 
best explained by reference to an actual experiment with cadmium. The 
accompanying diagram is an idealised drawing of a chart recorder trace of this 
experiment but the values shown are actual readings. The first measurement 
(the absorption on the right hand side) is that of the source flame only.
When a cadmium solution, designated as solution No.1 (the concentration of 
the solution is of little interest in this discussion), was sprayed into the 
source flame the recorder dropped to 52.6, giving I0/l = 1.90 and A = 0.279
mSsSm
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(water was sprayed into the absorber flame during this measurement). The next 
absorption is that of the test solution which was sprayed into the absorber 
flame (water was sprayed into the source flame during this measurement). This 
solution caused the recorder to drop to 79»4, giving I0/l = 1.26 and A = 0.100 
(this is the absorbance of the solution as measured by conventional atomic 
absorption spectroscopy). The third measurement was that of both the source 
flame with solution No.1 and the absorber flame with the test solution. In 
this measurement the recorder dropped to a value of 44.2.
These three readings, i.e. the values on the recorder chart, will be used 
to define the following parameters, as shown on the diagram.
(A) The original intensity of the spectral line from the hollow-cathode 
lamp, i.e. the integrated intensity, will be designated "I0”, and the trans­
mitted intensity, when using the absorber flame, will be designated "I".
(B) The reversed spectral line that emerges from the source flame can be 
treated as an alternate source line. The incident intensity of this line will 
be designated "I^", as it consists of the wings of the original line, and the 
transmitted intensity (after having passed through the absorber flame) will be 
designated "I^".
(C) If the original line has an intensity "I0" and the frequencies in the
wings of this line have an intensity "l£", then the intensity of the band of 
frequencies in the centre of the line profile "I°" (i.e. those removed by the 
source flame) will be 1° - l£. Reference to the diagram shows that "I°" has 
a value of 47.4. HI°'* can be considered as the incident intensity of a third
source line which consists of a small band of frequencies in the centre of the 
original line. The value of the transmitted intensity ”IC" when this line is 
passed through the absorber flame will be I - Iw , i.e. 79*4 - 44.2 = 35*2.
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The absorbance of the test solution can now be evaluated for the three 
different source lines.
Case 1. With the original line from the hollow-cathode lamp.
Ao = log i~ = log 79T4 = °-100 
Case 2. With a line formed from the wings of the original line
T°±w 52.6 z'Aw = log j- = log 1^2 ~ 0.076
Case 3. With a line formed from the centre of the original line
T°-I° T°w c 4 7 . 4
Ac = 1°S ~ l "f~ = l o g i^= log 3572 = 0,279
These results show that the use of the centre frequencies has increased the 
absorbance by a factor of 2.9 over the absorbance obtained with the original 
line, i.e. the one normally used in atomic absorption measurements. In 
comparison to the reversed line the absorbance has increased by a factor of 
3.68.
A similar experiment was performed with mercury. In this experiment the 
line from a mercury lamp (a germicidal lamp) was reversed by using a sealed 
silica cell (1 cm long) in which a drop of mercury had been placed. The 
mercury vapour in the cell in effect replaced the source flame in the previous 
experiment.
This experiment resulted in the following absorbance values for a test 
solution of mercury sprayed into the absorber flame.
A0 = 1.23 
\  = 1.17 
Ac = 1.32
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The method i s  r a th e r  in c o n v e n ie n t to  use in  p r a c t i c e  becau se  o f th e  e x t r a  
tim e in v o lv ed  in  th e  th re e  measurements and the more e x te n s iv e  c a lc u la t io n s  
r e q u ir e d .  This d isad v an tag e  can be overcome by u s in g  a m o d u la tio n  te ch n iq u e  
in  w hich " I ° "  i s  re p re s e n te d  as th e  am plitude of an a . c .  s ig n a l  a t  a s p e c i f i c  
f re q u e n c y . I f  t h i s  system  i s  used the  measurement can be perform ed  in  th e  
same tim e and in  th e  same way as a norm al atomic a b s o rp t io n  m easurem ent.
Such a system  has been developed  f o r  m ercury. The l i n e  from  th e  m ercury lamp 
was m odulated  by a "chopper d is c "  c o n s is t in g  of two s i l i c a  c e l l s  (c o n ta in in g  
m ercury vapour) w hich were mounted on a ro ta t in g  w h ee l. A narrow  band a m p lif ie r  
was lo ck ed  to  th e  m odu lation  fre q u e n c y , as d e sc r ib e d  in  s e c t io n  2 -1 -3 ,  and a 
s ta n d a rd  b u rn e r  was u sed  as th e  a b so rb e r  flam e.
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(6)
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(8) 
(9)
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